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A REVISED AND IMPROVED METHOD OF ACCURATELY 

DETERMINING ARSENIC— BASED ON THE 

GUTZEIT TEST 

By Walter S. Allen and Ralph M. Palmer 
Laurel Hill, N. Y. 



INTRODUCTION 

As a works control method for the quantitative estimation of 
small amounts of arsenic the Marsh test is obsolete; it is too tedious 
and too expensive. Hence has arisen the insistent demand for 
a rapid, accurate method, easy of manipulation. 

The Gutzeit method, as a quantitative method, was tried in 
England after the epidemic in 1900 of arsenical poisoning from 
beer, but without much success. The first successful working 
out of the conditions necessary for a quantitative determination 
by this method appears to have been done by Sanger and Black^ 
and published by them in 1907. Their stu(Ues showed that the 
Gutzeit "reaction can be made the basis of a simple and fairly 
accurate quantitative method, with no more than ordinary an- 
alytical precautions." Since the publication of the results of 
these researches the Gutzeit method has rapidly come into favor 
and has been used as a standard quantitative method in the lab- 
oratories of the General Chemical Company for four years. 

INFLUENCE OP IRON ON THE ESTIMATION OP ARSENIC 

Literature. In the course of our investigations of certain phases 
of this method some very interesting phenomena were observed 
which have a very important bearing upon its accuracy as a quan- 
titative method. These phenomena have to do principally with 
the effect of iron, both when present as ferrous and ferric com- 

•J. S. C. I. 26, 1116. 
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pounds. The effect of iron on the evolution of arsine has been 
looked upon both as beneficial and as injurious. A. H. Allen^ 
recommends that zinc should contain a trace of iron in order that 
hydrogen may be regularly evolved. Gautier^ precipitates the 
arsenic with ferric hydroxide and adds the solution of this pre- 
cipitate, containing about .1 gram iron, directly to the Marsh 
generator. Lockemann' made use of the same procedure, al- 
though he preferred to precipitate the arsenic with alumina in- 
stead of ferric hydrate. 

On the other hand several investigators {^'^) have shown by 
experiment that when iron is present in the Marsh apparatus 
the arsenic is incompletely evolved as arsine. In the experiments 
carried out by Parsons & Stewart* however, apparently the iron 
was always present in the Marsh apparatus in the form of ferric 
salts. HarMns' has shown further that the retentive effect of 
iron may be overcome either by heating the generator or by 
adding to the solution a salt of tin, cadmium, lead, or bismuth. 
Of these four metals stannous chloride was found to give the 
best results in all cases. The beneficial effect of staimous chlo- 
ride and of the three other metals above considered in increasing 
the "activity" of the zinc is explained by Harkins' as due, in 
part at least, to the difference in excess potential between zinc 
and tin on the one hand and iron on the other. It is his belief 
that the metals of high excess potential, such as zinc, tin, lead 
and cadmium, are all favorable to the reduction of arsenic com- 
pounds, while those with low excess — such as iron and platinum — 
are imfavorable. 

EESULTS OP INVESTIGATION OP THE EPPECT OP IRON 

Before the above explanation of the retarding effect of iron on 
the evolution of arsine had been brought to our attention,, we had 
ascertained beyond question the very serious effect of iron — 

'J. S. C. I. 21, 94 (1902). 

'Compt. rend. 137, 158-63. Bull. Soc. chim. 29, 859-863. 

•Zeit. Angew. Chemie, 18, 416 (1905). 

•Parsons & Stewart, J. Am. Chem. Soc. 24, 1005 (1902). 

»W. D. Harkins, J. Am. Chem. Soc. 32, 518 (1910). 

»loc. cit. 

'See also Chapman & Law, Analyst, 31, 3 (1906). 
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especially ferric salts — on the evolution of arsine in the Gutzeit 
method. A thorough investigation of this whole subject has 
convinced us that correct results with the Gutzeit method can 
be obtained only by observing certain conditions. 

Briefly stated — in order to obtain with zinc and acid a proper 
rate of evolution of hydrogen, and arsine, iron and tin salts must 
both be present, the former entirely in the ferrous condition at 
the time the test is started. We agree with Parsons and Stewart 
in acknowledging the very mjurious effect of ferric salts, and with 
Harkins in requiring the addition of SnClj, and we claim further 
that iron is not to be looked upon as an objectionable impurity 
but that, in the ferrous form, it plays an indispensable part in 
Marsh or Gutzeit procedure. 

The following method embodies the principles enumerated 
above; it has been found to give entire satisfaction in the lab- 
oratories of the General Chemical Company after several months 
of continual use. 

METHOD FOR ESTIMATING TRACES OF ARSENIC BT THE 
GUTZEIT TEST 

A. General Considerations. For a successful estimation of small 
amounts of arsenic by this method the following considerations 
must be carefully borne in mind: 

1. The rate of evolution of arsine is of the greatest importance; 
this rate of evolution of arsine does n^t depend necessarily upon 
the rate of evolution of hydrogen. (For example, platinic chloride 
accelerates the evolution of hydrogen but the platinum prevents 
the reduction of arsenic compounds to arsine'.) 

2. Pure zinc and acid react slowly. For a proper reduction 
to arsine is required the presence of zinc, another metal of high 
excess potential (tin in the form of SnCla) and ferrous iron (a 
metal of very low excess potential). The stain produced when 
arsenic, tin, and ferrous iron are present is always longer than 
when ferrous salts are absent. 

3. Ferrous iron should, moreover, always be present in about 
the same amount. It should be added to samples which contain 
no iron, and to known amounts of arsenic used in preparing stand- 

'Harkins — ^loc. cit. 
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ard stains. A good working amount is .05 =.10 gram FeO- 

4. The amoimt of acid and zinc used should be so regulated 
as to give a uniform evolution in all cases. In the analysis of 
neutral salts, particularly, there is a certain amount of inhibition 
caused by the presence of a good deal of sodium or similar com- 
poimds; to counteract this inhibition the amount of acid and zinc 
used should be increased. 

5. By observing these precautions all the arsenic is evolved 
in thirty minutes, and standards and samples are run under sim- 
ilar conditions. 

B. Preparation of Sample for Analysis. The following obser- 
vations must be borne in mind in preparing the sample for the 
arsenic determination: 

1. Sulphides, sulphites, thiosulphates, and other compounds 
which liberate H2S or SO2 when treated with HaS04 must be ox- 
idized by some arsenic free oxidizing agent before introducing 
into the apparatus. 

2. Nitric acid, free chlorine, bromine, or iodine must be removed 
by evaporation, boiling, or some other effective procedure, before 
the test is started. Iodic acid should also be reduced to iodine 
and removed by boiling. 

f0 3. Difficultly soluble compounds, i.e. ferric oxide, clays and 
other raw materials for making alumimma compounds, phosphate 
rock, ores, etc. must be decomposed by preliminary fusion with 
As-free KESO4 or by solution in aqua regia as the case may 
require. 

4. Starch should be converted to dextrose or maltose by gently 
boiling with dilute HCl. 

5. When iron is absent an equivalent of .05 = 10. gram FejOs 
should be added to the sample: for this purpose a solution of 
arsenic free ferric ammonium alum is advantageous. 

After the required preliminary treatment, as above indicated, 
for the solution of the sample the ferric compoimds must be next 
completely reduced to ferrous. For this purpose i cc. SnCla 
(80%) is added! and the mixture boiled gently until colorless; 
as ferric compounds are reduced more rapidly in the presence of 
HCl than in H2SO4 alone, it is advisable to have present 1 gram 

•SnCli ako reduces arsenic to arsenious compounds. 
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NaCl, or its equivalent in grams of As-free HCl. After reduction 
the sample is cooled and is transferred to the Gutzeit apparatus. 
At this point the total volume should not be more than 40 cc. 
or 50 cc. 

C. ApparcAua. The accompanying diagram shows the form 
and dimensions of the apparatus. (A) is a wide-mouth bottle of 
about 60 cc. capacity. Through a No. 4 one-hole rubber stopper 
is inserted a glass tube (B) 7 cm. long and 1.25 cm. in diameter, 
constricted at the lower end so as to pass easily through a hole 
in'^ the stopper. Through a No. 00 one-hole rubber stopper in 
the upper end of the tube (B) is inserted a second similar tube 
(E) of the same diameter but only 4 cm. long. Finally through 
another No. 00 one-hole rubber stopper in the upper end of the 
second tube is inserted a glass tube (C) 4 mm. inside diameter, 
and 10 cm. long, constricted at a point 6 cm. from one end as 
shown in sketch. The lower tube is used as a scrubber to remove 
the H2S from the arsine; for this purpose there is placed in the tube 
before each test a strip of dry lead acetate paper. The upper 
tube is packed loosely with glass wool moistened with lead acetate 
solution. This serves the double purpose of removing any traces 
of HaS which may pass the lead acetate paper in (B) and of keeping 
the arsine moist as it comes in contact with the sensitized test 
paper suspended in (C) — a condition essential to the success 
of the test. 

D. Making the Test. The amount of HjSO* (or HCl) and zinc 
used in the analysis is regulated by the composition of the sample. 
In the preparation of standard stains and in the analysis of most 
samples 4.2 grams Hi!S04 (calculated as 100%) or (3.1 gram HCl 
100%) and 15 pieces of zinc are used. However, in the analyses 
of samples containing comparatively large amoimts of certain 
salts, as for example, lime, magnesia, alimiina, and alkalies, 6.3 
grams 100% HjSO* (or 4.3 grams of 100% HCl) and 25 pieces 
of zinc are required to obtain a corresponding rate of evolution 

of arsine. 

Sulphuric acid is preferred to hydrochloric acid owing to the 
greater piuity of the former — ^as far as arsenic is concerned. When 
HjSOi, however, forms insoluble salts, HCl is to be preferred. 

In cases where 4.2 grams HjSO* or 3.1 grams HCl with 15 pieces 
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of zinc are used and the evolution of arsine is found to be incom- 
plete at the end of a half-hour run, the sample should be analysed 
using the larger amounts of zinc and acid. 

After the sample has been transferred to bottle (A) and the 
required amounts of zinc and acid added the connections are 
inserted at once. 

The contents of bottle (A) are well mixed by careful shaking 
after which the apparatus is placed in a water bath which is kept 
at a temperature within a few degrees of 75° F.* After thirty 
minutes the sensitized paper is withdrawn from the tube, dipped 
in melted paraffine, and compared with the standard stains. 

E. Preparation of Standard Stains, (o) Standard Arsenic Solv>- 
tione. One gram of resublimed AsiOs is dissolved in 25 cc. 
20% NaOH (As-free), neutralized with H1SO4 and diluted to 
a liter with recently boiled distilled water to which has been added 
10 cc. of 96% H2SO4. Ten cc. of this solution is diluted to a 
liter with recently boiled distilled water to which 10 cc. of 96% 
H2SO4 has been added. One cc. of this solution (A) = .01 mg. 
AS2O8. By diluting 100 cc. of (A) to a liter with recently boiled 
distilled water to which 10 cc. of 96 % HjS04 has been added 
(B) is obtained in which 1 cc.=.001 mg. AsjO,. This solution 
(B) is the only one that is necessary in preparing standard stains. 
The solutions are made acid to prevent possible precipitation of 
arsenic and consequent change in value of solution. Glass stop- 
pered flasks should be used as containers. It is advisable to pre- 
pare fresh solutions whenever new standard stains are to be 
prepared. 

(6) Preparation of Stains. The set of standard stains should 
contam color strips produced by .001, .002, .004, .006, .01, .015, 
and .02 mgs. AsiO». As a preUminary precaution several "blank 
tests" should be run on all the reagents used; no appreciable 
stains should be formed in half an hour. The proper number 
of cc. of arsenic solution (B) are then added together with .05 
gram FejOs (as ferric ammonium alimi) and i cc. SnClj (80%). 
The kon must be entirely reduced by boiling before the test is 

iThis temperature is carefully regulated in order to properly control the 
reaction, and that just the right amount of moisture may be carried along 
with the arsine. 
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started. After cooling, 15 pieces of zinc are added and the test 
run for thirty minutes in a constant temperature bath as de- 
scribed above. The test paper is then dipped in melted paraflSne 
and kept in a dry, dark place imtil ready for mounting. 

Light, heat, and moisture will produce rapid fading of the 
stians. They are best preserved by keeping them in a sealed tube 
over PaOs. They will last for many months if kept away from light. 

F. Preparation of Reagents, (a) Zinc. C.P. shot zinc free 
from arsenic is used. The pieces should not be larger than will 
pass a screen three meshes to the inch, nor smaller than will 
remain on a screen six meshes to the incy. The zinc is given 
a thorough cleaning in a casserole with dilute HCl (1 — 1) until 
a dull gray clean siuface is obtained. The zinc is then washed 
free of acid and kept covered with distilled water; if allowed to 
dry out it will become less "active." 

(6) "Mixed Acid." Dilute 1 volume of As-free sulphuric acid 
with 4 volumes distilled water. Dissolve 10 grams of NaCl in 
each 100 cc. of the dilute acid. 

(c) Stannous Chloride Solution. 80%. Dissolve 80 grams of 
SnClj in 100 cc. distilled water, to which 5 cc. As-free HCl 
has been added. 

(d) Sensitized Test Paper. Swedish filter paper No. (20 x 20 
in.) is most satisfactory. Cut large sheets into four equal squares 
and dip into a i % solution of HgCla (.5 gram HgCl2 in 100 cc. 
water); the excess of solution is removed by a "squeegee" roller 
and the paper dried rapidly by spreading it on a flat hot cloth 
in a drying oven at a temperature of 100° C; the paper should 
be turned over once during the drying to insure an even heating. 
The paper should be removed as soon as dry, as HgClj is slowly 
volatDe, and cut into strips 7 cm. long and 4 mm. wide. The 
large sheets should be trimmed on all four edges to a depth of 
i inch or more as the outer edges are often more concentrated. 
All the paper should be cut the same width. As soon as cut the 
paper should be bottled and sealed with paraflBne until ready for 
use. Each new lot of paper should be carefully standardized. 

'This zinc may be obtained from Baker & Adamson Chemical Comnanv 
Easton, Pa. f^^^y, 
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EFFECT OF HjS, SBHs, AND SOj ON STAINS 

H2S and SbHt in sufficient quantity change the character of 
the stain. HiS should be oxidized with KMnO* before running 
the test. Sb if present in excess of .0002 gram SbjOs will affect 
the character of the stain, causing it to be longer and|lighter in 
shade. Such a stain if subjected to fumes of HCl will fade dis- 
tinctly while a pure arsenic stain will be intensified. The same 
holds for stains obtained with H»S. SOj, if present, reacts with 
hydrogen to form HaS. 

CONCLUSIONS 

In^the modification of the Gutzeit method given above, the 
estimation of small amoimts of arsenic is shown to be accurate 
in the presence of iron compounds, provided the iron is entirely 
reduced to the ferrous condition by SnCU before the test proper 
is begun. This preliminary reduction is essential as the arsenic 
is incompletely evolved in thirty minutes when ferric compounds 
are present. It has been found, further, that when a standard 
stain is prepared from a known amount of arsenic in the presence 
of reduced iron compounds this stain is about one third longer 
than when prepared in the absence of iron. In order to obtain 
correct comparative results, then, standard stains should be 
made with ferrous iron and SnCla present in the solution in approx- 
imately the same amounts as are found in the samples analysed. 
Moreover, iron should be added to all samples which do not con- 
tain it. 

It is only by observance of these precautions that reliable re- 
sults are obtained with the Gutzeit method; with these precautions 
the method is exceedingly exact. 



RATIONAL ANALYSIS OF NITRATE OF SODA. THE 

USE OF THE DEVARDA METHOD VS. THE 

MISLEADING "REFRACTION" METHOD 

By Walter S Allen 
Laurel Hill, N. Y. 

The analysis of commercial nitrate of soda by the "Refraction" 
or "Difference" method — subtracting from 100% the sum of 
the percentages of H2O, NaCl, Na«S04, and water insoluble mat- 
ter, and considering all the rest as NaNOj — ^is not only irrational 
but misleading as well. For the calculation of yields in nitric 
acid manufacture it is absolutely worthless, and as a basis for 
purchase and sale is equally objectionable. 

H. Fresenius^ condemns the "Refraction" method and strongly 
recommends the imiversal adoption of a direct method for es- 
timating the NaNOs content. We are heartily in agreement with 
this position. 

In our choice of a direct method we may consider as most 
suitable either a gas volumetric method, of which Lunge's ni- 
trometer is the most widely used, or a reduction method wherein 
the nitrate is reduced to ammonia and distilled into standard 
acid; of the several methods depending upon the last named prin- 
ciple, that of Devarda' is the most rapid*. Of the two methods 
the nitrometer is the quicker but in our opinion the Devarda 
method is more exact. Our reasons for this opinion are based 
upon about two years' experience with the modified Devarda 
method described below, in comparison with the nitrometer. 
Moreover, in a laboratory where nitrates are analysed only oc- 
casionally and the assistants employed are not thoroughly famil- 
iar with the very careful manipidation reqmred for the nitrom- 
eter, the Devarda method will be found much simpler. 

Devarda 's procedure, as is well known, consists in a reduction 

'V. International Congress of Applied Chemistry 1903, Vol. 1, 214. 
'Zeit. fur. Anal. Chem. XXXIII (1894) p. 113. 

•cf. Wiley — ^Principles & Practice of Agricultural Anal. Vol. 1, p. 536 
(1894). 
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of nitrate to ammoma in an alkaline solution, by an alloy of the 
following composition: Cu 50, Al 45, Zn 5. This heavy alloy is 
easily ground to the desired fineness, and gives off hydrogen in 
a mass of very fine bubbles which very quickly reduce all the 
nitrate. In dissolving, the copper is left in a finely divided state. 

In Devarda's procedure* a .5 gram sample of nitrate is used; 
this is reduced to NH3 in a strong alkaline solution with 2 grams 
alloy and the NH3 distilled over iato an excess standard II2S04, 
using methyl orange as indicator in the final back titration. 
When using the apparatus described by Treadwell & Hall* sev- 
eral objections are encountered, as follows: (1) it is impossible 
with this apparatus to prevent the passing over mechanically 
of a little alkali mist into the standard acid; (2) for the most accur- 
ate results methyl orange is not an entirely satisfactory indicator; 
(3) the procedure of boiling over half the contents of the distilling 
flask is very objectionable, in that the strong alkali softens the 
rubber stopper quite rapidly and attacks the glass and shortens 
its life. Edward Cahen* suggests two improvements over Tread- 
well-Hall's method, viz. distillation of the NHs with steam in- 
stead of direct boiling, and the use of the new indicator, methyl 
red instead of methyl orange. The table of results given in his 
paper, while a vast improvement over those obtained by the 
Pozzi-Escot method*, are not consistently accurate enough to 
warrant entire confidence in the method. 

With the realization of the uselessness of the "Refraction" 
method and with the belief that the Devarda method' had within 
it the possibility of being made a very accurate quantitative 
method, a long series of experiments were carried out in the lab- 
oratories of the General Chemical Company, testing all the de- 
tails of procedure. The result of this work .has convinced us that 
the Devarda method under proper conditions and with suitable 
apparatus, is a very exact method, more exact in fact than the 
nitrometer unless unusual pains are taken with the latter method. 

'cf. Treadwell & HaU Anal. Chemistry II (1910) 414. 
'loc. Clt. 

^A comparison of Pozzi-Escot 's method and Devarda's method for the 
estimation of Nitrates, Analysts 35, 307. 

•Reduction of Nitrate with Aluminum-Mercury couple. 

'First called to our attention by Prof. E P. Hams, Amherst College. 



i] Congress of Applied Chemistry 21 

In order to obtain the most accurate results it was considered 
necessary to use at least a gram sample and to improve the ap- 
paratus used by Treadwell and Hall so as to prevent any possible 
loss of NHj and to eliminate rubber stoppers. In fact our in- 
vestigations clearly showed us that the successful use of the 
method is absolutely dependent upon proper apparatus. 

The apparatus and method of analysis for nitrate of soda are 
herewith described in detail. 

I — ^PREPARATION AND WEIGHING OUT OP SAMPLE 

In order that the sample used may be representative and con- 
tained in a volume of about 10 cc, the following procedure is 
adopted. 

All lumps in the sample are broken up to at least the size of 
small peas, 100 grams weighed out, transferred to a 500 cc. 
beaker, and dissolved in water; this is made up to one liter. (If 
a frothy scum persists it can be broken with a little alcohol.) 
100 cc, of this is accurately weighed (in a bottle as described 
below) to determine the sp. gr., and analysis made on approx- 
imately 10 grams of this solution. The weighing bottle is made 
by cutting the top ofE a 100 cc. measuring flask about 1 inch 
above the 100 cc. mark. A dropping tube, whose bulb has 
a little over 10 cc. capacity, is inserted through the rubber stop- 
per of the flask. In making an analysis after finding the weight 
of apparatus "Y" and solution, the latter is well shaken up, 
approximately 10 cc. run from the dropper into the Devarda 
apparatus, and the weight of "Y" again taken. By subtracting 
the second weight from the first and dividing by the sp. gr. there 
is found the number of cc. of solution used. Each cc. of solu- 
tion ia equal to .1 gram of sample. Dividing the cc. found by 
10 gives tiie grams of sample used. 

II — ^DESCRIPTION OF APPARATUS 

The apparatus used is a modification of Knorre's apparatus 
for the distillation of arsenic. It consists of a "reduction" flask 
"A," a steam jacket and scrubber "C — F" and a condensing 
absorption apparatus "E— H— K." "G" is a flask for NaOH 
to remove C0» from the air drawn through during distillation. 
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PLATE I - Fi^ J 



"J" a large size casserole, and "I — Z" burner stand and burners. 
"A, B, C, D, E, and F" are made of Jena glass. 

The flask "A" holds 145 cc. "B" is a tube Hi long, 
having a stop cock near the middle; it is enlarged and ground so 
as to fit tightly into the neck of flask "A" and reaches nearly 
to the bottom of "A." "G" is a flask of about 175 cc. capacity, 
fitted with a cork stopper, through which passes a straight tube 
"0" reaching to the bottom of "G," and a short bent connecting 
tube "T." This tube "T" connects with tube "B" at "L." 
The scrubber "C" is made of foiu- bulbs about 1 inch in diameter, 
the whole scrubber being about 8i inches long. The bulbs 
are loosely packed with glass wool and the whole is fitted into 
the steam jacket "F." This latter is made either of a piece of 
glass tubing about 2 inches in diameter and closed at the ends 
by rubber stoppers, or preferably of lead. Live steam enters 
through "S" and the condensed steam and water pass out through 
"N." The purpose of scrubber "C" is to retain on the glass 
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wool any NaOH mist; the steam jacket prevents condensation 
of HaO in "C"; unless the jacket is used a large condensation 
takes place which is very objectionable. "E" is a series of bulbs 
about 1 J inches in diameter and drawn out at its lower end into 
a tube which reaches nearly to the bottom of "H." "C" is con- 
nected with "E" by a bent tube "D" which fits tightly into 
"E" by means of a groimd glass stopper. "H" is an ordinary 
flask of about 275 cc. capacity, fitted with a rubber stopper 
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through which passes "E" and the bent tube "V" which connects 
"H" with "K." "K" has a capacity of about 175 cc. "W" 
is a rubber tube connected with the suction so that air can be 
drawn through the whole apparatus. "J" is a large casserole 
serving first as a cold and then as a hot water bath for flask "A." 

in DETAILS OF MANIPULATION 

All parts of the apparatus are washed out with CO2 free water. 
Flask "A" is connected with scrubber "C" by rubber tubing 
so that the ends of the glass touch each other. A dry, short-necked 
funnel is put in the top of "A" and the casserole, filled with cold 
water, put in the position indicated in the drawing. 98 cc. 
of standard H2SO4 are run into absorbing flask "H," the tip of 
the biu:ette touching the side of "H" and the latter then washed 
down with 2 or 3 cc. of CO2 free water. Two cc. more of acid 
are nm into small flask "K" in the same way and about 10 cc. 
of CO2 free water added with it. The temperature of the acid 
should be noted and a correction made as described below imder 
"A" of "Notes and Solutions." After adding three drops of 
methyl red to flask "K" the apparatus is set up as shown in dia- 
gram, care being taken that all joints are tight. Three grams 
of Devarda's alloy are weighed and put on a paper in readiness 
for use. Connecting tube "B" is slightly greased where it fits 
into flask "A." 

About 10 grams of the nitrate solution are introduced from 
apparatus "Y" into flask "A" through the short funnel, washed 
in with 10 cc. CO2 free water measured from a pipette and 25 
cc. of 20% caustic soda (free from nitrogen compounds). The 
inside and outside of the funnel are washed into "A" with about 
3 cc. more of CO2 free water. The alloy is then put into " A " 
through a perfectly dry tube, so constricted at one end that it fits 
into the neck of "A. " This is to prevent any of the alloy from ad- 
hering to the sides of the flask which would cause a sudden froth- 
ing during boiling. The alloy should be put in quickly, the tube 
removed and the tube " B " placed in position at once with the stop 
cock "R" closed. The action begins quickly and is aided by shak- 
ing a little to mix the sample, alloy, and caustic. The cold water 
in the casserole prevents too violent action at first and it is ad- 
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visable to stir the water for the first few minutes after adding the 
alloy to "A." The casserole should be removed at the end of 
five minutes. The reduction is allowed to continue for twenty 
minutes. The steam should then be turned on in the jacket and 
the top of tube " B " connected with the caustic flask " G." 
When the reduction is complete the casserole is filled with boiling 
hot water, placed in position, and both burners immediately 
lighted. Boiling should begin at once, the casserole being kept 
full during the distillation. The rubber tube connected with the 
suction is then coimected to the bent tube in "K." The stop 
cock "R" in tube "B" is then opened and the suction so regu- 
lated that a continuous stream of bubbles is seen coming out of 
"E" into flask "H." Care must be taken to have enough suc- 
tion so that no ammonia escapes back into flask "G" when "R" 
is opened. The distillation is continued for thirty minutes, air 
being drawn through the apparatus for the whole period. The 
burners are then turned off, the apparatus disconnected at the 
upper end of tube "E," and the disconnected parts "D, E, H, 
and K" washed into an 800 cc. beaker with COi free water. The 
total volume should not amount to more than 500 cc. Two cc. of 
methyl red are added to the solution and the excess acid titrated 
with standard caustic soda. The endpoint should be taken just 
as the pink changes to a straw color. 

IV. CALCULATION OF BESULTS 

The 100 cc. standard acid used is corrected for temperature 
and from this volume is deducted the standard NaOH titration 
(1 cc. of NaOH being equivalent to 1 cc. of B4SO4). The differ- 
ence is calculated to % NaNOi. 

V. NOTES AND SOLUTIONS 

A. Standard HtSO*. This should be of such a strength that 
1 cc. equals about .0057 gram H2SO4 (equals about 1% equiv- 
alent NaNOs). A useful arrangement for this standard H1SO4 
and burette is shown in Plate II, figure 2. The standard acid 
is drawn from the reservoir "A" into burette "B" by opening 
pinch cock "E." Chamber burette "B" is graduated merely 
from 90 to^lOO cc. in 1/10 cc. The difference between the 90 
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and 100 cc. marks is about 25 cm; the diameter of the stem above 
the chamber is about 3 mm. The outlet of the burette is so con- 
stricted that it will require about three minutes to deliver 100 cc. 
The burette is surrounded by a water jacket "C" in which is 
suspended thermometer "D." "C" should be kept filled with 
water at room temperature to a point opposite the zero mark 
of the burette. The acid in burette "B" should be allowed to 
stand five minutes before drawing out in order to equaUze tem- 
perature. All temperature readings should be taken with ther- 
mometer "D" immersed in "C" as shown in sketch. No allow- 
ance for drain should be made as such a correction will be very 
small when three minutes are required for the biorette to empty 
itself. 

It is advisable to determine the value of 1 cc. of H2SO4 in terms 
of NaNOs by a procedure identical with that in analysis of ni- 
trate samples. This corrects for the small "blank" test on the 
apparatus and also assures the analyst that his manipulation 
of the method is correct. For standardization purposes pure 
dry KNO3 is used. The best KNO3 obtainable is recrystallized 
in small crystals, dried first at 100° C. to remove most of the H2O, 
then to constant weight at 210° C. to remove every trace of H2O, 
after which it is preserved in a glass stoppered bottle. This KNO3 
should then be very carefully tested for all impurities, including 
nitrite, chloride, sulphate, carbonate, sodium compounds, lime, 
magnesium, etc. The impurities, if present, are allowed for in 
the standardization. 

11.4 grams KNO3 (= about 9.6 grams NaNOs in nitrogen 
equivalent) are dissolved in 50 cc. cold distilled water and care- 
fully transferred to apparatus "Y," the volume diluted to 100 cc. 
and 10 cc. of this transferred to flask "A," reduced to NELj 
by the alloy and distilled into 100 cc. H2SO4, as in the procedure 
for nitrates outlined above. From the amount of H2SO4 neu- 
tralized is then calculated the value of H2SO4 in terms of NaN03. 
The temperature of the H2SO4 should be carefully noted at the 
time of standardization and a correction apphed in all analyses 
where the temperature is different from that at standardization. 
Temperature correction for 100 cc. H2SO4 of this strength 
= .029 cc. for each 1° C. 
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B. Standard NaOH. This standard alkali should be of a 
strength equivalent to the standard HjSO^. The NaOH is stand- 
ardized as follows: In a beaker are placed 500 cc. cold distilled 
HjO (free from COj) and 2 cc. methyl red; if the water is acid or 
alkaline it should be neutralized at this point. Ten cc. standard 
HjSO* are then added and the NaOH run in from a 10 cc. burette 
until the pink just changes to a straw color. Ten cc. NaOH 
should equal 10 cc. H2SO4. 

C. Methyl Red Solution. .25 gram methyl red are dissolved 
in 2,000 cc. 95% ethyl alcohol. Two cc. are used in each determi- 
nation. As the indicator is sensitive to C0» all the water used 
must first be boiled to expel CO2 present^. 

D. Devarda's Alloy. This consists of 45 parts aluminum, 
50 parts copper, and 5 parts zinc. The Al, in sheet form, is cut 
into strips about 1 inch wide, rolled compactly together and heat- 
ed in a Hessian crucible in a furnace imtil the Al begins to melt. 
The copper is then added in portions until all is liquefied, and 
finally the zinc, which should be in one or two pieces, is plunged 
beneath the surface of the molten mass. After heating very hot 
for a few moments the cover is removed, the mass mixed with 
an iron rod, and allowed to cool slowly with the cover on. The 
cold, crystallized mass is finally crushed to a 60-mesh powder. 

E. NaOH {or KOH) sp. gr. 1.3. This is prepared from C. P. 
NaOH (or KOH) and distilled H2O. Before use the alkali should 
be boiled in an open casserole with .5 gram Devarda's alloy to 
remove any ammonium compoimds, cooled, and kept in a well 
stoppered bottle. 

VI. ACCURACY OF THE METHOD 

Duplicate analyses should agree within .15% NaNOa. With 
the sharp endpoint afforded by methyl red there is no difficulty 
in obtaining duplicate results within the above limit. The ex- 
perience of nearly two years with this method in the laborato- 
ries of this Company has thoroughly convinced us of its accuracy 
and reliability. We consider it indeed an exceedingly exact vol- 
umetric method. It has many times been o\a experience that two 
different laboratories of this Company will obtain results which 

'Methyl Red is now manufactured by Baker & Adamson Chemical Com- 
pany Easton, Penn 'a. 
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as NaNO. 


HNO. Found 


.9097 gram 


.9108 gram 


.8789 


.8794 


1.0220 


1.0216 


.9752 


.9758 


.9759 


.9765 


1.0194 


1.0197 


1.0012 


1.0018 
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agree within .15% of each other, on the same HjO basis. The 
use of a 1 gram sample in the analysis cuts down greatly on the 
chances of error — ^no other accurate method for this analysis, 
with which we are familiar, permits the use of so large a sample. 

RESULTS WITH A KNOWN AMOUNT OF HNO3 

Deviation from theoret- 
ical as per cent NaNOi 
on a 1 gram sample 

.11% high 

.05% high 

.04% low 

.06% high 

.06% high 

.03% high 

.06% high 

RESULTS WITH A SAMPLE OF NaNOa, RUN IN 
DUPLICATE BY TWO ANALYSTS 
Moisture NaNOi (Devarda) 

1.62% 95.10% 

95.13% 
1-65% 95.08% 

95.03% 

COMPARISON OP RESULTS BY NITROMETER, DEVAKDA's 
METHOD, AND THE "REFRACTION TEST" 

Twenty-three samples of commercial nitrate of soda were an- 
alysed by the above three methods, with the following results: 
Agreement within Devarda and Nitrometer Devarda and Refraction 
.1% NaNOa 4 samples 2 samples 

.3% NaNOa 18 samples 5 samples 

.5% NaNOa 22 samples 6 samples 

.6% NaNOs 23 samples 7 samples 

Sixty-nine samples of commercial nitrate of soda were analyzed 
by the Devarda Method and the "Refraction" method with the 
f oUowmg differences in % NaNO, : out of 69 Samples 

Agreement within .1% 5 

Agreement within .3% H 

Agreement within .5% 19 

Agreement within .8% 32 
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Agreement within 1.0% 
Agreement within 1.5% 
Agreement within 2.0% 
Agreement within 2.5% 
Agreement within 3.0% 



Out of 69 Samples 
35 
54 
63 
67 
69 



As will be noted from the above, one half the samples show a 
difference of more than 1% NaNOj between the two methods, 
22% of the samples differ by more than 1.5% NaNO,, and 9% 
of the samples by more than 2% NaNOj. In every case the re- 
sults by the "Refraction" method are high. These high results 
are, of course, accounted for by the fact that in the "Refraction" 
method no consideration is given to the potassiiun nitrate, sodium 
chlorate, perchlorate, and iodate, lime, magnesia, etc., which 
are almost invariably present. 

The following four comparative complete analyses show the 
variation in impurities in different commercial nitrates: 





No. 1 


No. 2 


No. 3 


No. 4 


H,0 


2.15% 


2.99% 


2.74% 


3.00% 


NaaSO* 


.20% 


.38% 


.34% 


.28% 


NaCl 


1.28% 


1.50% 


1.16% 


1.43% 


(Insoluble) 


.08% 


.52% 


.10% 


.26% 


SiO, 


.08% 


.52% 


.10% 


.20% 


AlsOs 
Fe»0, 


.13% 


.35% 


.11% 


.10% 


CaO 


.06 


.09 


.09 


.04 


MgO 


.08 


.07 


.14 


.24 


NalOs 


.02 


.04 


.04 


.04 


NaClOs 


Trace 


.01 


.01 


None 


NaClO* 


Not determ. 


Not determ. 


Not determ. 


.90 


KNOs 


1.31 


1.92 


4.82 


8.09 


NaNO, 


94.54 


92.53 


90.43 


85.34 


Total N as NaNOg 










by Devarda method 


95.64 


94.14 


94.48 


92.15 


NaNO, by "Refraction" 








test 


96.29 


94.61 


95.66 


95.03 


NaNO, deducting from 100% 








all the impurities found (cal- 








culating K»0=Na40) 


95.79 


93.74 


94.50 


92.49 



30 Original Communications: Eighth International [vol. 

These analyses show considerable variation in impurities, 
especially in KNO3. Samples No. 3 and 4 show the very marked 
effect of high potash salt on the "Refraction" test, and all the 
samples show that the latter test can only be relied upon when all 
the impurities present are deducted from 100%. 

CONCLUSION 

The inaccuracy and uselessness of the so-called "Refraction" 
test for commercial nitrate of soda is shown both by a series of 
complete analyses of this material, and by the analysis of 69 
samples by both a direct and indirect (refraction) method. The 
"Refraction" test takes into account only the HjO, NaCl, Na2S04, 
and water insoluble matter present and takes no account what- 
ever of potassium salts, chlorate, perchlorate, iodate, lime, mag- 
nesia, etc. The complete analyses show that it is only by taking 
into accoimt all these impurities that a reliable value for NaNOa 
can be obtained. 

Obviously it is much simpler to estimate the total nitrogen 
by a direct method. For this purpose the modified Devarda pro- 
cedure is recommended. This method, using the modified Knorre 
apparatus, is shown to be very accurate. A one gram sample is 
used and results are reliable within .15% NaNOs. This method, 
while not as rapid as the nitrometer, is beheved to be more ac- 
cxurate; it is, moreover, simple and easy of manipulation. 

As the results obtained by the "Refraction" test are almost 
without exception high — sometimes nearly 3% high — ^the pur- 
chaser is at an obvious disadvantage when compelled to pay 
for this material on the "Refraction" test basis. He is not only 
getting lower nitrate content than the "Refraction" test shows, 
but he can have no definite idea how much too low these results 
are, and for works control, calculation of yields, etc. he is com- 
pelled to re-analyze the samples by a direct method which will 
reveal the actual nitrogen value. 

The only rational procedure is to discard entirely the mis- 
leading "Refraction" method, and substitute therefor a direct 
method — the same to be used as a basis of valuation in all con- 
tracts. 

The importance of a proper method of analysis for Sodiimi 
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Nitrate, to determine its valuation accurately, must be obvious 
to all, and it is hoped that the presentation of this subject to the 
Eighth International Congress will result in sufficient discussion 
of this important matter to warrant the recommendation and 
adoption of the Direct method of analysis. 



AN EXACT METHOD FOR THE DETERMINATION OF 
SULPHUR IN PYRITES ORES 

By Wauter S. Allen and Howard B. Bishop 
Laurel HUl, Long Island, N. Y. 



I. Outline of the Problem and the Results Obtained 
BY Investigation 
That the accurate deterinination of sulphur in pyrites ore is 
of very great importance is universally recognized by technical 
chemists, as well as by the purchasers and sellers of such ore. 
Any improvement, therefore, in the accuracy of the analytical 
method for determining sulphur is worthy of very serious 
consideration. 

The General Chemical Company several years ago became dis- 
satisfied with the well known methods for determining sulphur, 
and under the inspiration and direction of Mr. W. C. Ferguson, 
consulting chemist of this Company, the new method herein pre- 
sented was worked out. The main features of this method were 
worked out by Mr. H. B. Bishop and Mr. W. S. Allen and the very 
thorough and painstaking work necessary to establish the proof 
of the accuracy of the method was carried out by Mr. Joseph L. 
Coon, assistant chemist. Acknowledgment is also heartily given 
to other members of the research and analytical staff of this 
Company who, by their interest and suggestions, aided in the final 
solution of the problem. 

The methods generally in use for the estimation of sulphur in 
ores are usually modifications of Lunge's well known method. 
Recently E. T. Allen and J. Johnston^ published a very valuable 
and illuminating series of experiments on the exact determination 
of sulphur in soluble sulphates. They showed convincingly the 
errors occurring as a result of the solubility of BaS04, the occlu- 
sion of alkali sulphates and acid sulphates (especially in the pres- 
ence of alkali chlorides), and the loss of SOs (or ammonium sul- 
>J. Am. Chem. Soc, SS, 588 (1910). 
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phate) when the BaS04 precipitate is ignited; they recommend a 
correction for these errors in each determination of sulphm-. In 
another paper^ the same authors apply the results of their re- 
searches to the analysis of pyrites and marcasite. They employ 
the oxidation method of Carius (heating the ore in a sealed tube 
with fuming nitric acid), separate the iron with Na^COs and 
correct the final precipitate of BaS04 for the errors above 
mentioned. This method, while it undoubtedly yields very 
accurate results, in skilled hands, lays no claim to rapidity, as 
the authors admit, and is not applicable to the demands of a 
technical laboratory. 

More than two years before the appearance of these articles* 
we realized the difficulties inherent in the usual methods for sulphur 
determination and by a long series of experiments established 
clearly the facts that low results are inevitably obtained when 
alkali salts (especially ammonium salts) are present. Our efforts 
were then directed toward an improved method, wherein, if 
possible, all alkali salts should be eliminated. Throughout all 
our investigation work it was kept clearly in mind that the method 
toward which we were concentrating our attention must give 
theoretical results, not only with a known amount of HjSOi 
corresponding to the sulphur percentage in average ores, but 
also with a "theoretical ore," made by adding to a known amount 
of H2SO4, iron, zinc, copper, lead, etc., in such proportions as are 
present in average ores. It is possible to obtain the strength of 
H2SO4 by titration to a very high degree of accvu:acy.' The acid 
thus standardized gave us a material of whose sulphur content 
we were absolutely certain. The ideal procedure would have been, 
of course, to work entirely with a standard pyrites ore whose 
sulphur content had been established beyond any doubt; this 
material, however, was not and is not available. 

In order to eliminate alkali salts entirely during a determination 
of sulphur in pyrites the sulphate must either be precipitated by 
BaClj in the presence of iron salts, or some other method of sep- 
arating the iron than by the use of NH4OH or NaaCOj must be 

'J. Ind. & Eng. Chem.,;g, 196(1910). 

•W. C. Ferguson, J. S. C. I., S4, 781 (1905). 
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found. Precipitation with BaClj in the presence of ferric salts 
is not to be considered where accuracy is required on account of 
the well known precipitation of a part of the SO3 as FesCSOOs* 
which loses SOa on heating and gives low results. As there seemed 
to be no practical way of separating the iron except by precipita- 
tion with an alkali, attention was turned to precipitation of the 
sulphate in the presence of reduced iron salts. 

It has been known for some time that it is possible to precipitate 
BaS04 in the presence of reduced iron salts and obtain an iron free 
BaSO**. Hydroxylamine hydrochloride has been successfully 
used as a reducing agent but is fairly expensive. Sodiimi thiosul- 
phate and hydrogen sulphide have been suggested for the same 
piu'pose but their use is at least open to obvious objection, not- 
withstanding the favorable results obtained with HjS by 
G. V Knorre*. 

W. H. Seaman* calls attention to the value of aluminum as a 
reducing agent for ferric iron and it occurred to us at once that 
here was the ideal reducing agent for the method. It was found 
that the finest aluminum powder obtainable* is exceedingly well 
suited to this purpose; this powder is sulphur free and works with 
great rapidity. It has, moreover, a fmiher value aside from its 
reduction of ferric salts, in that all Cu and Pb« aVe thrown out 
as metals and can be removed with the excess of aluminum powder 
by filtration before the barium sulphate is precipitated; this is 
an obvious advantage. The BaSOi precipitated from a sulphate 
solution containing as much as .7 gram of iron in the ferrous 
condition is pure white, even after ignition, and has been foimd 
by repeated tests to actually contain only a trace of iron — ^less 
than enough to effect the determination of sulphur by .01%. 

Attention was next turned to the manner of precipitating the 

BaS04, and conditions under which this precipitation should 

take place. In consulting the literature on this very important 

part of the determination, it is evident that a great deal of time 

>Anal. Chem. TreadweU-HaU, II, 368 (1908). 
•cf. Gyzander, Chem. News, 93, 213. 
•Chem. Ind. S8, 2. 
•Chem. Eng. (1908). 

•Baker & Adamson Chem. Co., Easton, Pa. 

'PbSOi is completely converted to metallic lead and a soluble sulphate 
by powdered aliimirmm. 
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Filtering Areangbment 



and care have been expended in examining the effects of free acid, 
volume of solution, rate of addition of BaC]2, etc. The method 
usually prescribed is to precipitate slowly with constant stirring, 
in a boiling hot, slightly acid solution. Hintz & Weber* recom- 
mend a very rapid precipitation, pouring the hot BaCU all at once 
into the sulphate solution. According to Allen and Johnston" 
the precipitate obtained by rapid precipitation, while often giving 
results very close to the theoretical, is not always reliable, due to 
a variable compensation of errors. Otto Folin' points out that 
when both the sulphate solution and the BaCla are cold and dilute 
and the latter adding to the former without stirring, at a rate not 

iZ. Anal. Chem., 4S, 31 (1906). 

noc. cit. p. 617. 

»J. Biol. Chem., 1, 131-159. 
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exceeding 5 cc. per minute, large crystals of BaS04 are obtained 
which settle rapidly. This method of precipitation was given a 
thorough trial, and after considerable experimental work in deter- 
mining the proper dilution and necessary amount of free HCl 
it was found to give theoretical results with known amoiints of 
H2SO4. 

To insure uniformity in rate of precipitation a form of "precipi- 
tating cup" was devised which should automatically deliver the 
BaCla at the required rate — 5 cc. per minute. This consists of 
a cup holding 130 cc. attached to a capillary tube which is bent 
aroimd a watch glass, over a beaker. (See Plate, Fig. 1.) The 
BaCU is delivered in small drops. The BaSOt is completely 
precipitated without stirring, although as a precaution it is advis- 
able to gently stir the supernatant liquor after the BaCU has all 
run out of the cup. 

The BaS04 formed under these conditions of precipitation has 
the appearance under the microscope of beautiful, large, well 
defined crystals, in contradistinction to the very fine powder formed 
by precipitation from a hot slightly acid solution. These crystals 
are easily retained and washed on a Gooch asbestos filter. The 
use of a Gooch crucible does away with the possible reduction of 
the BaSO* when using filter paper and also mechanical loss during 
ignition; these crucibles have been used altogether and with entire 
satisfaction in all work with this method. 

Having thus proved the way for a rigorous testing out of the 
method, a long series of experiments were carried out using a 
known amount of H2SO4 and adding thereto iron and such impuri- 
ties as are present in different kinds of pyrites ore, to determine 
their effect, if any, on the accuracy of the method. In addition 
to this the method of oxidation with Br, CCI4, and HNO3 was 
thoroughly tested to insure completeness of oxidation, and to 
make certain that no sulphur compounds escape by volatihzation 
during oxidation. A part of the results of this experimental work 
is given in part III of this paper. These results may be briefly 
summarized as follows: (1) the method gives theoretical results 
with sulphuric acid in amounts ranging from 35% to 50% S; (2) 
the addition of iron, zmc, copper, lead, arsenic, silica, etc., in such 
amounts as may be present in pyrites ores, does not affect at all 
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the accuracy of the method; (3) a theoretical ore of the following 
composition gave results within .03% of calculated sulphur con- 
tent: S 49.80%, Fe 44.00%, Pb 2.00%, As .50%, Cu .50%, CaO 
1.00%, Zn 1.00%, SiOs 1.20%; (4) the ignited BaSOi contains 
only a faint trace of iron; (5) the oxidizing mixture (Br + CCU 
followed by HNO3) completely oxidizes the ore without loss of 
volatile sulphur compoimds; (6) the use of aluminum powder 
for the reduction of the iron and the consequent presence of small 
amoimts of alimiinjum salts does not detract from the accuracy 
of the sulphur determination; (7) in comparison with other methods 
our method tends always to give a little higher results. 

II. Details of Method of Analysis 
Preparation of Sample 
The ore sample is groimd merely enough to pass an 80-mesh 
sieve, screening occasionally and grinding only those particles 
coarser than 80 mesh. 

About 10 grams are dried for one hour at 100°C. in a 1-oz. 
wide-mouth glass bottle, and the bottle is stoppered as soon as 
removed from the oven. 

Oxidation of the Sulphur 
1.3736 grams of the dried ore are put in a dry 300 cc. Jena 
beaker (4J^ in. high, and 2J^ in. diam.), 10 cc. of a mixture of 
2 parts by volume hquid bromine and 3 parts CCU^ are added 
and the beaker is covered with a watch glass. After standing 
fifteen minutes at room temperature with occasional gentle shak- 
ing, 15 cc. HNO3 (sp. gr. 1.4) are added and the mixture is 
allowed to stand fifteen minutes longer at room temperature 
with occasional shaking. The beaker is then placed on an asbestos 
board on top of the steam bath and allowed to remain there until 
all action has ceased and most of the bromine has been volatilized. 
It is then placed within the rings of the bath and the solution 
evaporated to dryness, the cover glass being raised above the rim 
of the beaker by means of riders made of bent glass rods. Ten 
cc. HCl (sp. gr. 1.2) are next added and, after shaking to mix 

W* is very important to use CCh which is free from sulphur compounds. 
The CCI4 made by Baker & Adamson, Easton, Pa. is very satisfactory. 
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thoroughly, the solution is again evaporated to dryness, still 
keeping the beaker covered as in the former evaporation. When 
completely dry the SiOj is dehydrated by heating in an air bath 
at 100°C for several hours (preferably overnight). 

Reduction of Iron and Precipitation of Sulphate 
4 cc. of HCl (sp. gr. 1.2) are now added to the dehydrated 
mass, followed after five minutes by 100 cc. of hot water. The 
cover, sides of beaker, and riders are carefully washed down with 
hot water and after the removal of the riders the cover is replaced. 
The mijrture is gently boiled for five minutes to insure complete 
solution of all sulphate. After the solution has partially cooled 
by standing for about five minutes, .2 to .3 gram of powdered 
aluminum is added and the beaker gently shaken until the iron 
color has disappeared, showing complete reduction. It is now 
advisable to cool the solution to prevent possible mechanical 
loss of mist when filtering, due to the action of warm HCl on the 
excess of aluminum powder. After cooling, the cover glass and 
sides of the beaker are washed down and the solution is filtered 
through a 12}^ cm. filter paper (B & A grade "A") (S & S No. 
590) into a No. 9 beaker (capacity about 2500 cc.) and the 
residue washed nine times with hot water. To the filtrate are 
added 6 cc. more of HCl (sp. gr. 1.2) and sufficient cold water 
to dilute to 1600 cc. After stirring to mix well, the beaker is 
covered with a large clock glass and the sulphate precipitated by 
adding through a special form of "precipitating cup" (discharg- 
ing at the rate of 6 cc. per minute) 125 cc. 5% BaCl2 solu- 
tion. The solution is not stirred while the BaClj is being added 
but after all is in, the supernatant liquor is well mixed by 
gentle stirring. 

Filtration and Ignition of the Precipitate 

After the BaSO* has settled' it is filtered through a tared Gooch 

crucible, using suction. The Gooch crucible used has a capacity 

of35cc., with perforated bottom attached, and with a moderately 

thick asbestos mat*. The filtering arrangement is shown in sketch 

(see Fig. 2). 

'Preferably after standing 12 hours. 

'Long fibred Italian asbestos, scraped into " lint " and digested with strong 
HCl until all soluble impurities have been removed. 
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The crucible C is nearly filled with water before the syphon and 
cork are placed in position. Then by exhausting the air in A the 
supernatant liquor in the beaker rapidly syphons over. The 
syphon tube and cork are then removed and well washed. The 
precipitate is transferred to the Gooch filter by a stream from a 
wash bottle, the beaker "copped out" and the precipitate washed 
six times with cold water. The Gooch is then ignited slowly, 
placing it first on an asbestos board over a flame for 25 minutes 
so as to expel the water gradually, or it may be given this prelimi- 
nary drying by placing it in the steam oven for a few hours if more 
convenient. The Gooch crucible is then heated with the full 
flame of a Fletcher burner^ for thirty minutes, cooled in a desicca- 
tor, and weighed. 

Weight BaS04 X 10 = % S in Ore. 

Duplicates should agree within .05%. Tested sulphur free 
reagents should always be used. 



III. Experimental Proof of the Accubact of this Method 

In the analysis of pyrites we have always used a larger sample 
than is usually recommended, viz. 1.3736 grams. This weight 
is ten times the factor from BaS04 to S — hence the final weight 
of BaS04XlO=% S. in sample. There is no trouble whatever 
in handling a sample of this size and any errors which may creep 
in are divided by 1.3 instead of being multiplied by 2, as is the case 
when using a .5 gram sample of ore. In all our experimental work, 
therefore, the BaS04 precipitated was in amount equivalent to 
the sulphur in 1.3736 grams ore. 

The following conditions were, with few exceptions, those under 
which the experimental proof of the accuracy of the method was 
carried out. 

Volume at the time of precipitation 1600 cc. 

HCl present 10 cc. (sp. gr. 1.2). 

BaCU solution (125 cc. 5% BaCU) added through special 
"precipitating cup," which requires 25 minutes for this amount 
to run out. 

i(or preferably in^an electric oven kept at about 1600°F.). 
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After the precipitation the supernatant liquor was stirred, 
without disturbing the precipitate, to insure thorough mixing. 

The BaS04, after settling, was filtered through a tared Gooch 
crucible with an asbestos mat, dried, and heated for thirty minutes 
over a Fletcher burner, using full heat, cooled, and weighed. 

I. Results with a Known Amount of HjSOt Alone 

Very carefully standardized H2SO4* (about 52%) was diluted 
to volume and aliquot 100 cc. portions were taken by a dividing 
pipette. 

(A) HsSO* used correspondmg to 6.000 grams BaSO* (= 50.00% 
sulphur on factor weight of ore). 



Vol. at 
Precip. 


HCl 

Added 


No. of 
Runs. 


Average Wt. 

in Grams of 

BaSOi Found 


As 

1. 


Extreme 

Variation 

in Tests 


Mean 
Variation 
in Tests 


1600 cc. 


10 cc. 


12 


5.0000 


50.00 


.13% 


.07% 


1600 cc. 


10 cc. 


3 


4.9993 


49.99 


.02% 


.02% 


1600 cc. 


10 cc. 


3 


4.9972 


49.97 


.04% 


.03% 


1600 cc. 


10 cc. 


3 


4.9993 


49.99 


.07% 


.06% 



(B) H2S04 used corresponding to 3.5000 grams BaSO* (=35.00 
% S on factor weight sample). 

Average Wt. As Extreme Mean 
Vol. at HCl No. of in Grams of % Variation Variation 

Precip. Added Runs. BaSO. Found S. in Tests in Tests 

1600 CC. 10 cc. 6 3.4990 34.99 .03% .01% 

Conclusions 

Theoretical results are obtained with both 50% and 35% S, 
the volume and concentration of HCl being the same in each case. 



n. Results with HjSOi and Iron in the Ferrous Condition 
Samples prepared as in I. Iron added in the form of FeClj 
(sulphur free), reduced with Al and filtered. 

'Of. W. C. Ferguson.JJ. S. C. I., 2^,5781 (1905). 
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Taken 


Iron 
Added 


No. of 
Runs 


Average 

Wt. BaSO, 

Pound 


Extreme 

Variation 

in Tests 


Mean 
Variation 
in Tests 


as%S 


as%Fe 




as%S 






50.00 


50.00 


4 


50.00 


.05% 


.03% 


50.00 


50.00 


5 


50.02 


.09% 


.06% 


35.00 


65.00 


3 


35.04 


.11% 


.08% 


50.00 


44.00 


3 


49.94 


■02% 


•02% 



The ignited precipitates were all pure white. 

Conclusions 

Iron in the ferrous condition does not affect the accuracy of the 
results. 

III. Results with HiSOi and Iron in the Ferric Condition 
Samples prepared as in I. Iron added in the form of FeCls 
(siilphur free) and not reduced. 



Average Extreme Difference 
Wt. BaSOi Variation between Theoi 
Taken Added Runs Found in Tests and Determinat'n 



H^Oi Iron No. of Wt. BaSO. Variation between Theory 



as % S as % Fe as % S 

50.00 44.00 2 49.65 .07 .35% 

50.00 44.00 3 49.46 .11 .54% 

Conclusions 

Low results are obtained with iron present in oxidized condition. 

During the ignition SO3 could be seen passing off. Ignited 
BaS04 was red. 

IV. Effect on the BaSd Precipitate of Standing for Varying 

Lengths of Time before Filtration' 
Samples prepared and precipitated as in II. 

Time of Standing Grams BaSOi % Sulphur 

2 hours 4.9998 50.00 

4 hours 4.9969 49.97 

6 hours 4.9950 49.95 

18 hours 5.0005 50.01 

24 hours 4.9985 49.99 

48 hours 5.0013 50.01 
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Conclusions 

As indicated by these experiments, there is no difference be- 
tween the results obtained after standing for varying lengths of 
time, viz. from 2 to 48 hours. 



V. Purity of the BaSOt 
Samples prepared and precipitated as in II. 
(A) Iron (and Bads) in Ignited BaS04: 



BaS0< 

Weight 

inOranu. 

5.000 
5.000 
3.500 
5.000 
3.500 



boo in the Bolu- 
tion when BaSOt 
was Precipitated. 
Weight m gnu. 



.6868 
.6044 
.8918 
.6044 
.8918 



Condition 

of Iron at 

Precipitation 

Reduced 
Reduced 
Reduced 
Oxidized 
Oxidized 



Iron in 
Precipitate 

.00018 gms. 

.00021 gms, 

.00013 gms 

.0135 gms 

.0210 gms 



Clilorine 
as BaCli 

.0140 grams 
.0150 grains 
.0137 grams 
.0046 grams 
.0023 grams 



Conclusions 

Iron in the ferrous form does not contaminate BaS04 in any 
appreciable amount, while if present in the ferric condition it 
does contaminate the BaS04 considerably. BaCls is occluded in 
all precipitates of BaS04, and in larger amount in reduced iron 
solutions. 

VI. Analysis of the Vapors Given off During Ignition of 
the BaSOt 
Samples prepared as in II and III. Weight of BaS04 =4.4 grams. 



Ratio S to Fe 
at Precipitation 


Volume at 
ftecipitation 


Iron 


Found in 
Chlorine 
(calc. as HQ) 


Vapors 

Sulphur 
(calc. as BaSOi) 


44%: 60% 


1600 cc. 


Reduced 


.0011 gm. 


.0007 gm. 


44%: 50% 


1600 cc. 


Oxidized 


.0044 gm. 


.0051 gm. 


44%: 50% 


250 cc. 


Oxidized 


.0104 gm. 


.0201 gm. 



The precipitates were heated in a combustion tube with the 
full heat of a Fletcher burner. The vapors evolved were caught 
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in KOH and determined gravimetricalJy as BaS04 and AgCl. 
It was assumed that the CI and S found passed off as HCl and 
SO,. 

Conclusions 

The HCl and SOj lost on ignition of the BaS04 precipitated 
from reduced solution are negUgible. Allen and Johnston^ have 
shown that when BaSO* is precipitated from solutions containing 
alkali salts, the acid remaining constant, the loss by volatilization 
is greatly increased. 

VII. Effect of an Excess of HCl 
Samples prepared as in I except for amoimt of HCl added. 

BaSO« Found 
HCl Added No. of Runs (As % S) 

10 cc. 6 34.99 

20 cc. 1 34.97 

30 cc. 1 34.98 

40 cc. 1 35.04 

50 cc. 1 34.96 

The theoretical amount of BaS04 as % Sulphur was 35.00. 

Conclusions 

The presence of HCl in amoimts greater than 10 cc. does not 
seriously affect the results, but there is obviously no advantage 
to be gained by using more than 10 cc. 

VIII. Effect of the Presence of AlCk in Varying Amounts 

As the powdered aluminum added to reduce the iron must 
itself dissolve in the HCl present, a series of tests were made to 
determine the effect of varying amoimts of Al on the barium sul- 
phate precipitate. 

Samples prepared as in II, except the first which was prepared 
as in I. 
'loc. cit. 
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Amount of No. of 
Al Present Tests 



None 
• 1 gm. 
.3 gm. 



Extreme Variation AliOiinBaSO< 

Average Wt of BaSOi between Tests after Ignition 

4.408 gms. 44.08% .02% None 

4.4076 gms. 44.08% .04% .0016 gms. 

4.411 gms. 44.11% .02% .0020 gms. 



.5 gm. 3 4.4157 gms. 44.16% .03% .0048 gms 

Coridnmons 

As much as .5 gram Al appears to raise the results but the 
amount used in the method produces no effect. This conclusion 
is diametrically opposed to that of Huybrechts (Chem. Abs., 4 
2247) : "The method of reduction of Fe by a metal or a metallic 
salt is impossible when BaSOi is to be precipitated subsequently." 

IX. Effect of Alkali SaUa 

Samples prepared as in I except for the addition of the alkali 

chloride. 

Difference between 

Theoi^ and 

Determmation. 

.18% 
.24% 
.29% 
.04% 
.07% 
.15% 
.49% 
.57% 
.65% 
The theoretical amount of BaSO* as % Sulphur was 35.00. 

Conclusions 

The very pronoimced effect of alkali salts is shown clearly. 
KCl produces the least effect and NH4CI the most. 

X. Effect of Other Metals 

To samples prepared as in II were added other metals (as S- 
free chlorides). These mixtures were evaporated to dryness and 
given the entire treatment according to the method for ores. 







BaSO. 


Salt Added 


No. of Runs 


Found 


NaCl 5 gm 




34.82 


NaCl 10 gm 




34.76 


NaCl 15 gm 




34.71 


KCl 5 gm 




34.96 


KCl 10 gm 




34.93 


KCl 15 gm 




34.85 


NH4CI 5gm 




34.51 


NH4CI 10 gm 




34.44 


NH4CI 15 gm 

ml xl i 


• 1 J. _f T>, 


34.35 

.arv 
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TAKEN 


Average 


Extreme 






No. of 


BaSO. 


Variation 


HSO, 


Fe 


Metal Added Runs 


Found 


in Tests 


Equivalent to: 




as%S 




50.00% S 


50.00% 


Pb 1% 3 


50.01 


.05% 


50.00% S 


50.00% 


Cu 1% 3 


50.00 


.04% 


50.00% S 


50.00% 


Cu 5% 3 


50.04 


.06% 


50.00% S 


50.00% 


Ca 1% 3 
^■^°}l%eaehS 


49.96 


.05% 


50.00% S 


50.00% 


49.96 


■02% 


35.00% S 


65.00% 


Zn 10% 2 


35.06 


.04% 


35.00% S 


65.00% 


As .5% 3 


35.05 


.02% 


35.00% S 


65.00% 


SiOa 5% 3 


34.98 


.07% 



Conclimons 

Practically theoretical results are obtained with the extremes 
of metallic impurities usually to be found in pyrites. 



XI. Theoretical Ore 

The sulphur was added as H2SO4 and the metals as S-free chlo- 
rides in amoimts corresponding to those in 1.3736 grams of an 
ore of the following composition: 

S 49.80% 

Fe 44.00% 

Pb 2.00% 

As .50%; 

Cu .50%, 

CaO 1.00% 

Zn 1.00% 

SiOa 1.20% 

100.00% 

This mixture was evaporated to dryness and given the entire 
treatment according to the method for ores. 

No. of 
Runs 



Average BaSO. 
Found 


Extreme Varia- 
tion in Tests 


Mean Varia 
in Tests 


as%S 
49.77 


as%S 
.05 


as%S 
.03 
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Condusions 

With the theoretical ore the results were within .03% of the 
calculated sulphur content. 

The experimental work thus far described shows that the method 
gives accurate results with an amount of H2SO4 equivalent to 
35% and 50% sulphur ores, and that ferrous iron, zinc, lime, 
copper, lead, arsenic, etc., do not interfere with the accuracy of 
the results. It is established, then, that with a properly oxidized 
ore the results obtained will be accurate within .05% to .10% of 
theory. The barium sulphate precipitated from reduced iron 
solution loses only a negligible amount of HO and S0| on ignition 
and the ignited BaS04 contains only a trace of iron. It does 
contain some BaCU but this amount is constant and apparently 
compensates for the slight solubility in the large amount of water 
used. 

XII. Oxidation of the Ore Sample 

In our choice of the most suitable oxidizing agent we were 
limited to those which do not contain alkali salts. The two mix- 
tures used in our experimental work were: (1) "reversed" aqua 
regia^ (with or without bromine), and (2), a mixture of CCU 
and bromine, followed by nitric acid. 

It has been pointed out by many investigators that with certain 
ores a part of the sulphur may separate out on treating with "re- 
versed" aqua regia. This free sulphur may be oxidized by con- 
tinued digestion with KClOs but this is a disagreeable and lengthy 
process and, moreover, introduces alkali salts. Liquid bromine 
itself is too violent and its water solution too weak. CCU mixes 
in all proportions with bromine, is a solvent for free sulphur in 
case any separates, and volatilizes with the excess bromine upon 
evaporation. A mixture of 2 parts by volume liquid bromine 
+3 parts CCI4 was found to give excellent results. An ore treated 
with this mixture followed after 10 minutes by HNO3 is oxidized 
completely, and evaporates to dryness more quickly than when 
"reversed" aqua regia is used. 

The CCI4 should be entirely free from all sulphur compounds; 
very erratic results are obtained if such volatile sulphur compounds 

'3 vols. HNOi sp. gr. 1.4, and 1 vol. of HCl sp. gr. 1.2. 
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(CSa etc.) are present. The CCI4 supplied by Baker & Adamson' 
is entirely satisfactory. 

In order to prove that oxidation is complete when using the 
above proposed method, the silicious residues left after oxidation 
have been repeatedly filtered and re-oxidized. The amoimt of 
sulphur so obtained has never amounted to more than .04%. 

To further prove that there is no loss of volatile sulphur com- 
pounds during oxidation the vapors given off were drawn through 
bulb scrubbing tubes containing NaOH and the latter tested for 
S. None was found. 

p;From the above we have shown that Br — CCU, followed by 
HNOs, gives a complete oxidation of the sulphur without loss of 
volatile sulphur compounds. It is to be preferred to aqua regia 
in that it evaporates more quickly and there is never any separation 
of free sulphur. Both methods of oxidation have been shown to 
give identical results, however, on the same ore sample, as is shown 
in the following: 

Oxidation with Br-f-CCl.+HNO. OxidationlwithJHNO.+HCl-l-Br 
43.83% S 43.83% S 

43.82% S 43.84% S 

43.84% S 43.87% S 

XIII. The Effect of Fine Grinding on the Sulphur Content 
As pointed out by Allen and Johnston^' the sulphides of iron 
gradually oxidize on grinding. In order to show clearly the amount 
of this oxidation and also the amount of oxidation due to oven 
drying of samples of varying degrees of fineness, a large sample 
of dry ore was ground to pass 60 mesh; a portion of this was re- 
served and the remainder ground to pass 80 mesh. This operation 
was repeated, withdrawing samples left on the 80, 100, and 120 
mesh screens. The material passing 120 mesh was further ground 
for half an hour, a portion reserved, and the remainder ground 
for another haK hour. In the accompanying table are shown the 
% sulphur found in each reserved portion, analysed (1) without 
drying, (2) after drying 1 hour, (3) after drying 16 hours. 

'Easton, Pennsylvania, 
''loc. cit. 
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Ground 
to Mesh 


Total Time 
around 


Dried at 
212'> 


I.oiwofWt. 
on Drying 


No. of 
Runs 


Average 
percent 
Sulphur 


Extreme 
VariatioD 
in % S. 


60 


2 hrs. 20 min. 


Not dried 




2 


46.66 


.04 




2 hrs. 20 min. 


1 hour 


.07% 


3 


46.61 


.10 




2 hrs. 20 min. 


16 hours 


.06% 


3 


46.65 


.06 


80 


2 hrs. 45 min. 


Not dried 


.... 


3 


46.63 


.07 




2 hrs. 45 min. 


1 hour 


.07% 


3 


46.64 


.06 




2 hrs. 45 min. 


16 hours 


.06% 


3 


46.69 


.05 


100 


3 hrs. 15 min. 


Not dried 




3 


46.63 


.06 




3 hrs. 15 min. 


1 hour 


.08% 


3 


46.65 


.07 




3 hrs. 15 min. 


16 hours 


.04% 


3 


46.69 


.04 


120 


3 hrs. 35 min. 


Not dried 




3 


46.32 


.01 




3 hrs. 35 min. 


1 hour 


.08% 


3 


46.29 


.02 




3 hrs. 35 min. 


16 hours 


.04% 


3 


46.29 


.06 


Further 












thanl20 4 hours 


Not dried 


.... 


3 


45.98 


.03 




4 hours 


1 hour 


.10% 


2 


45.98 


.06 




4 hours 


16 hours 


.05% 


3 


46.00 


.03 


Further 












thanl20 4 hrs. 30 min. 


Not dried 




3 


45.61 


.03 




4 hrs. 30 min. 


1 hour 




2 


45.60 


.03 




4 hrs. 30 min. 


16 hours 




3 


45.61 


.01 



Conclusions 

After the ore was ground finer than 100 mesh the oxidation due 
to grinding was quite rapid. After the final grinding the ore con- 
tained 1% less sulphur than the original sample. The oxidation 
taking place in an oven at 212° even in 16 hours was inappreciable. 



XIV. Comparaiive Results Between Differeni Methods Used for 
Determination of Sulphur in Ores 

A sample of ore was analyzed in our laboratory by several dif- 
ferent methods with results as follows: 
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% Sulphur Average 
New Method 46.32 

46.31 

46.33 46.32 

Fresenius Method (Quan. Anal., II, P. 561 46.22 

1904) 46.16 

46.31 46.23 

Lunge's Method (Sulphuric Acid and Alkali 45.84 

Edn. 2, Vol. 1, p. 56) 46.01 

45.93 45.93 

Lunge-Gladding Method 46.03 

46.18 

46.13 46.11 
These results were obtained by an analyst skilled in the new 
method, who interpreted and followed the directions given for 
the other methods to the best of his abiUty, but who had had little 
previous experience in their manipulation. 

The method has also been investigated independently by the 
Nichols Copper Company and its accuracy proved with Imown 
amounts of H2SO4. 

Moreover, as shown by comparative results between our labora- 
tory and commercial analysts of New York— the latter using some 
form of the Modified Lunge method— it has been found that our 
method tends to give about .15% higher results than the latter. 
At a meeting of representatives of Stillwell & Gladding, Eicketts 
& Banks, Ledoux & Company, and Dr. Lucius Pitkin, commercial 
analysts of New York, held June 25th 1912, the foUowing resolu- 
tion was unanimously adopted: 

Whereas certain differences exist between the results reported 
on sulphur in pyrites, between different chemists, and 

Whereas the necessity of uniform results on this basic material 
of chemical manufacture is to be highly desired, we recommend 
the adoption of a standard method for the determination of sulphur 
in pyrites, and state that in our experience the method as described 
in the paper by Mr. W. S. Allen and Mr. H. B. Bishop to be read 
before the Eighth International Congress of Applied Chemistry, 
gives the true sulphur contents of the material, and we endorse 
it as an accurate and satisfactory method. 
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IV. Final Summary 

The method for the determination of sulphur in pyrites ore as 
now offered consists essentially of the complete oxidation and 
solution of a comparatively large sample by means of a solution 
of Br and CCU, followed by HNO3; the reduction of the iron 
present by means of aluminum powder; and the cold precipitation 
of the BaS04 in a large volume by the slow addition of a dilute 
BaClj solution. 

In order not to greatly increase the length of this paper, a portion 
only from a large mass of data covering every detail of the method 
has been presented. This portion, however, demonstrates fully 
the accuracy of the method and presents evidence as to the soimd- 
ness of the principles involved and necessity for the observation 
of certain details. 

A number of experienced analysts and inexperienced men fresh 
from college have by the method accurately analysed samples 
of pyrites ore, their duplicates almost invariably agreeing within 
a few hundredths of a per cent. Men who used the method for 
the first time obtained results agreeing closely with those by ana- 
lysts of long experience with the method, evidencing its ease and 
simplicity. 

Commercial chemists of New York have analysed samples 
both by their regular methods and by this new method. The 
results obtained are in accord with our experience, viz., that the 
new method tends to give results, about .1 to .15% higher, and that 
check determinations agree within a few hundredths of a % S. 
In view of the clear proof by Allen and Johnston* of the necessity 
for various calculations in the presence of alkali salts, the higher 
results obtained by this method — where alkali salts are absent — 
are to be expected. We believe that the method gives accurate 
results without the addition of any corrective factor whatever, 
and we submit it to the Eighth International Congress in the 
hope that the Congress will recommend its general adoption and 
thus assist in obtaining imiformity of standards in analytical 
methods. 



'loo. cit. 



THE RELATIVE STABILITY OF PRIMARY CADMIUM 
POTASSIUM IODIDE AND ITS APPLICATION IN 
THE DETERMINATION OF OZONE 

By Charles BASKBBviLiiE and W. J. Crozier 
The College of the City of New York, New York, N. Y. 

Of the several methods which have been proposed for the 
determination of ozone, that of Schonbein, which consists in 
estimating the iodine liberated from metallic iodides, has been 
quite generally employed, although it is open to a nimiber of 
serious objections. It is well known that when acid potassium 
iodide solution is employed, the potassium iodide-starch 
reaction is neither a qualitative nor a quantitative indication of 
the presence or amoimt of ozone; and that various agencies 
influence the liberation of iodine from the acidified potassium 
iodide solution, while chlorine, bromine and nitrites (frequently 
found in the air) also give the reaction. These influences, of an 
order of magnitude safely disregarded in other analytical work, 
must be dealt with. With regard to the reliability of neutral 
metallic iodide solutions, Lechner* maintained that unsatisfactory 
results were obtained when determining ozone with the aid of 
neutral potassium iodide solutions, as large quantities of iodine 
vapor were liberated. This is directly contrary to the results 
obtained by Ladenburg and Quasig', who found that neutral 
solutions only give correct results, and that acid solutions give 
no sharp end-point and the results are too high'. They obtain good 
results, but used, apparently, only ozone of a high state of purity. 

Baskerville and Hamor* have pointed out the objections to 
which potassium iodide is open as a reagent for hydrogen dioxide, 
and the authors have found that as a test for ozone, potassiimi 
iodide is subject to the same limitations, and, generally, even to 
a greater degree. Baskerville and Hamor foimd that since primary 

'Z. Elektrochem., 17, 412. 

'Ber., 54, 1184(1901). 

'Our experiments would tend to confirm these findings. 

«J. Ind. Eng. Chem., S, No. 6 (1911.) 
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cadmium potassixmi iodide (CdKl3.H20) is miaffected by the 
presence of any likely amomits of acids in ethyl ether, and is 
much more stable in light than potassium iodide in solutions of 
comparable strength, its use is preferable for the detection of 
peroxidized compoimds in ether. The authors have ejctended 
the observations on the stability of cadmium potassium iodide 
and have employed it as a reagent for the quantitative determina- 
tion of ozone. 

I. 

THE COMPAEATiVE STABILITY OF POTASSIUM IODIDE AND 
CADMIUM POTASSIUM IODIDE 

The cadmium potassium iodide used in the experiments which 
follow was found to possess the following composition: 

Water. Cadmiiim. 

Calculated for CdKIs.HaO 3 . 27% 21 . 17% 

Found 3.36 20.98 

It was free from foreign metals, sulphuric acid, and hydriodic 
acid, and was soluble in about 0.95 parts of water at 15 deg. C. 
The potassium iodide used was also foimd to be pure. 

The statement is made in the literature^ that solid cadmium 
potassium iodide assumes a slight yellow color on standing. In 
the experiments made by the authors on this point, the salt was 
from two different lots: (a) Some which, after purification, had 
been standing for five years in a museum case, freely exposed to 
diffused hght during most of every day. This sample possessed 
no yellowish tinge whatsoever, nor was there present any detectable 
free iodine, (b) Samples of a fresh lot of " Cadmium & Potassium 
Iodide Merck." These were exposed to direct sunlight for periods 
ranging up to 25 days, and analysis showed that no decomposition 
occurred. We are therefore inclined to believe that pure primary 
cadmium potassium iodide imcontaminated with cadmium iodide, 
potassium iodide or water in excess will not become colored upon 
storage. 

The next experiments were made on the rate of the decomposi- 
tion of stock solutions of potassium iodide and cadmium potas- 
sium iodide under laboratory conditions. N/10 solutions were 

'E. g. by Abegg and by Merck (1907 Index, p. 110). 
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kept in the ordinary diffused light of the laboratory for two 
months, at the end of which time the following comparative 
results were obtained in g. of iodine : 

Potassium iodide. Cadmium potassium iodide. 

0.00053 0.00046 

A series of experiments was then made on the relative stability 
of cadmium potassium iodide toward various reagents*. A 10 
per cent solution was prepared and the following tests were made 
with 2 cc. quantities, the exposures being to diffused daylight 
during the daytime: 

1. With 2 cc. of hydrochloric acid (density, 1.20), no per- 
ceptible reaction occurred imtil after 30 hours. 

2. With 2 cc. of sulphuric acid (density, 1.84) a yellow colora- 
tion resulted at once. 

3. With 2 cc. of 10 per cent sulphuric acid, after two days, the 
reaction was as strong as in 6. 

4. With 2 cc. of concentrated nitric acid, the reaction was 
immediate. 

5. With 2 cc. of 1 :10 nitric acid, a reaction resulted. 

6. With 2 cc. of 1 :50 nitric acid, a reaction occurred after 40 
hours. 

7. Nitrogen tetroxide was found to give a prompt reaction, 
being apparently the same as in the case of potassium iodide. 

8. An equal volume of 99.5 per cent acetic acid gave no separa- 
tion of iodine even after 5 days. 

9. With 10 cc. of dilute hydrochloric acid, a slight reduction 
was noted after three days. A 10 per cent potassium iodide 
solution treated m the same way gave a strong reaction over night. 

10. Two small flasks were 1/3 filled with (Ai) 10 per cent 
potassium iodide and (Bi) 10 per cent cadmium potassium iodide, 
and then exposed to diffused sunlight. After three days, there 
was a faint yellow coloration in Ai, but no separation of iodine in 
Bi. Titration gave the following results: 

After 3 days Cc. N/100 Na^SjOs Ai Bi 

per 10 cc. sol. 0.16 None. 

After 7 days 2 0.70 0.15 

'The results recorded are at least the result of duplicate experiments, 
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11. As in No. 10 except that to each 0.10 cc. hydrochloric acid 
(density 1.20) was added. After two days, the liquids were 
withdrawn and the free iodine determined. 

Aa Ba 

(10 per cent KI) (10 per cent CdKIj) 

Cc. N/100 NajSaOa 

per 10 cc. sol. 1.25 0.19 

12. 1 cc. of N/4 hydrochloric acid was added to 10 cc. each 
of potassium iodide and cadmium potassium iodide in 10 per 
cent solution, and the solutions were then placed in the sunlight. 
After four days' exposure, the results were : 

As Ba 

(10 per cent KI) (10 per cent CdKI,) 

Cc. N/100 Na2 S2O3 
per 10 cc. sol. 19.91 1.88 

13. Replacing the hydrochloric acid with 99.5 per cent acetic 
acid, the following results were obtained after four days' exposure: 

A4 B4 

(10 per cent KI) (10 per cent CdKI,) 
Cc. N/100 Na^SjOs 

per 10 cc. sol. 9.63 2.12 

14. Following the same procedure, except that an equal 
volume of N/8 hydrochloric acid was added in each case, the 
results were after five days: 

Ab Bs 

(10 per cent KI) (10 per cent CdKIj) 

Cc. N/100 NajSaOs 

per 10 cc. sol. 33.22 14.20 

The above experimental results demonstrate the comparatively 
high stability of cadmium potassium iodide, — a fact which would 
seem to be of importance in the selection of a reagent for the 
determination of ozone, especially since we have foimd that the 
compound is a sufficiently sensitive reagent for the detection 
of nascent oxygen. It has been shown that in diffused sunlight 
the action of mineral acids on cadmium potassiimi iodide is of 
the following order: nitric acid reacts rapidly, while sulphuric 
and hydrochloric acids react much more slowly, although sul- 
phuric acid reacts with greater velocity. No attempt was made 
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to maintain the oxygen concentration constant, but all the ex- 
periments were nm xmder identical conditions, and thus the rela- 
tive stability of the solutions experimented with are on a com- 
parative basis. Since Schwezoff^ has shown that equivalent 
quantities of sodium, potassium and cadmium iodides under 
similar conditions evolve equal quantities of iodine, this point 
was not determined. 

Some experiments were also made on the chemical action of 
ultra-violet light upon cadmiimi potassium iodide and potassiimi 
iodide solutions. One hundred cc. portions of the solutions and 
10 cc. of starch solutions were exposed to the rays from a Cooper- 
Hewitt quartz lamp in porcelain vessels, with the following results: 



Concentration 

of Bolutions run 

side by side. 



Saturated 



N/10 



N/100 
N/1000 



Results with Potassium 
Iodide. 



After an exposure of 
5 minutes, 1.0 cc. 
N/10 NajSsOj re- 
quired. 

Traces of iodine in 20 
to 30 seconds. In 5 
minutes, 0.05 cc. 
N/10 NasSsOs 
required. 



Traces of iodine in 30 
seconds. 

No coloration with 
starch solution even 
after 25 minutes. 



Results with Cadmium 
Potassium Iodide. 



Negative even after 40 
minutes. 



Traces of iodine in 3 minutes 
when the lamp was started 
with the experiment; titrat- 
able amount of iodine in 10 
minutes, 0.03 cc. NaaSjOj. 
When the experiment was 
started after the lamp had 
been running 30 minutes, a 
faint reaction was noted in 
30 seconds and 0.04 cc. 
NaaSjOj were required after 
5 minutes. 

iodine in 30 
No difference 



Traces of 

seconds. 

fromKI. 

No coloration even 

IJ/^ hours. 



after 



'J. Russ. Phys. Chem. Soc, 4^, 219 (1910). 
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These results showed that N/10 and N/100 cadmium potassium 
iodide is fully as delicate a reagent for hydrogen dioxide and ozone 
as are solutions of the same strength of potassiiun iodide. Our 
results on potassium iodide solutions present differences with 
those of RossS but this is probably to be ascribed to the difference 
in the form of lamp and to the natural variability of such results. 
Ross foimd that ultra-violet light alone probably liberated a very 
small amoimt^of iodine from potassium iodide; his observations 
are, in our opinion, to be ascribed to the formation of hydrogen 
dioxide. 

II. 

THE EMPLOYMENT OP CADMIUM POTASSIUM IODIDE AS A 
REAGENT IS THE ESTIMATION OF OZONE. 

In the first experiments the air to be ozonized was taken from 
a water gasometer and passed through the system including an 
ozonizer and a Meyer bulb apparatus, the latter being connected 
with the ozonizing apparatus by means of a ground glass joint. 
The type of ozonizer employed was not very efl&cient, as is shown 
by the results obtained^: 

With neutral N/10 KI With neutral N/10 CdKIj 

Mg. ozone per liter 0.36 0.33 

With acid (HCl) N/10 KI With acid N/10 CdKI, 

Mg. ozone per liter 0.42 0.34 

It will be seen that the results with acid potassium iodide were 
high, while those obtained in using cadmiimi potassium iodide, 
although slightly lower than those found by using neutral potas- 
siima iodide, were about the same whether neutral or acid N/10 
solutions were used. Alkaline solutions were foimd to be unre- 
liable, as the end-point is difficult to determine and a precipitate 
results in the case of cadmium potassium iodide. 

In further experiments, a different type of " silent discharge" 

ij. Am. Chem. Soc, S8, No. 6; Chem. News, 94, 245. 

'All analytical results are the average of a series of runs; in no case were 
other than duplicate analyses made, and these invariably checked 
satisfactorily. 
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ozonizer was used; this, operated on a storage battery circuit at 
22-23 volts, gave much more satisfactory yields of ozone. In the 
runs which were made, the ozone was absorbed, except where 
noted to the contrary, and the iodine liberated by agitation of 
the absorbent with the iodide solution was then determined 
by titration with standard sodium thiosulphate solution. 

1. One-half liter of air was ozonized and turpentine (157° to 
165° C.) was used as the absorbent. The amount of iodine 
liberated from neutral N/10 potassium iodide was then determined. 
Cc. of N/10 NajSjOs required =29.48 = 140.1 mg. ozone. 

2. Run under the same conditions. Cc. of N/10 Na2SsO» = 

29.70 = 143.2 mg. ozone. 

3. Run xmder the same conditions. Cc. of N/10 Na«Sj08 = 

29.71 =143.2 mg. ozone. In Nos. 2 and 3, 20 minutes were found 
to be sufficient. 

4. Run imder the same conditions, but using neutral N/10 
cadmium potassium iodide solution. Cc. of N/10 Na2S203 = 
25.5. 

6. As in No. 4. Cc. of N/10 NaaSaOs =25.5. 

6. Asm No. 4. Cc. of N/10 NajSjOs =25.6. 

7. As in No. 1, but adding 10 per cent of N/20 hydrochloric 
acid to the potassium iodide solution. Cc. of N/10 Na2S203 = 
34.8 and 34.75. 

8. As in No. 4, but adding 10 per cent of N/20 hydrochloric 
acid to the cadmium potassium iodide solution. Cc. of N/10 
Na^SaO, =27.21 and 27.20. 

In other experiments, alkaline iodide solutions were found to 
be totally unsatisfactory; vegetable oils were found to be imsuit- 
able for the absorption of ozone; and the use of anesthetic ethyl 
ether gave low results (20.00 and 18.5 cc. N/10 Na^SnOa when used 
as in No. 4) and a slow evolution of iodine from acid or neutral 
solutions. A higher turpentine fraction (165° to 185°) than that 
used before gave accurate results, but a longer time was required 
to complete a run. 

It is shown that acid potassium iodide solutions always give 
high results, and that the results obtained by the use of both 
neutral and acid N/10 cadmium potassium iodide solutions are 
lower than those by means of neutral potassium iodide solutions, 
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a result attributable to the greater stability of the cadmium 
potassium iodide towards light and certain likely contaminants 
of ozonized air. We believe that cadmiiun potassium iodide 
solution acidified with hydrochloric acid is a more reliable reagent 
than potassiimi iodide in neutral solution; its employment is only 
necessary, however, when absorption of the ozone in turpentine is 
the method followed. In the method of Schonbein, as used by 
Ladenburg and Quasig, either neutral or acid solutions of cadmium 
potassium iodide may be used; sharp end-points are obtained and 
the results are not too high. 
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I. INTRODUCTION 

1. IMPORTANCE OF ACCURATE MANGANESE DETERMINATIONS 

In spite of the large number of methods in use for the determi- 
nation of this important element, results by different methods 
and different chemists seldom show satisfactory agreement. 
While differences of as much as a few per cent of the manganese 
present have little commercial significance in iron and steel con- 
taining one per cent or less of manganese, the highest possible 
accuracy is demanded in the analysis of high-grade materials 
such as manganese ore and ferro-manganese, of which large 
amounts enter into commerce, at prices dependent upon the results 
of analysis. For example, imports of manganese ore by this 
coimtry in 1911 amounted to 176,852 long tons, valued at $1,186,- 
791. It can readily be seen that a constant error of one per cent 
in the analyses of such material may cause a considerable difference 
in the total amoxmt paid for the ores. That constant errors of 
such magnitude are possible with our present methods will be 
shown in this paper. 

2. SOURCES OF ERROR IN GRAVIMETRIC METHODS 

Even with the greatest care, the gravimetric results are not 
necessarily accurate, due not alone to the possibilities of losses 
by solubility of precipitates, and of too high weight due to con- 
tamination from vessels or reagents; but also to uncertainty in 
the composition of the precipitates as weighed. The three forms 
in which manganese is most commonly determined gravimetrically 
are MujOi, Mn2P207 and MnS04. It is generally admitted that 
the first of these is unsatisfactory, as the composition depends 
directly upon the temperature of the ignition and the nature of 
the atmosphere surrounding the precipitate. Even under care- 
fully regulated conditions Raikow and Tischkowi could not 
obtain results which agreed to better than one part m two hundred. 
Gooch and Austin^ have shown that the composition of manganese 
"pyrophosphate" depends upon the content of ammonium salts 
and ammonia and the temperature, volume, and method of pre- 

'Chem. Ztg,, 3S, 1013 (1911). 
'Am. J. Sci., e, 233 (1898). 
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cipitation of the manganese ammonium phosphate. Even under 
the conditions which they recommend, their errors amoimted in 
some cases to one per cent of the manganese present, and were 
in general too high. The method cannot therefore be considered 
satisfactory for highly accurate work; and certainly not for ob- 
taining a known amount of manganese to serve as a primary 
standard. Experiments described in this paper have led to the 
conclusion that manganous sulphate, obtained under propei 
conditions, is the most accurate form in which this element can 
be weighed, both in gravimetric analysis and in securing a known 
amount of manganese. 

3. SOUECES OF EHBOR IN VOLUMETRIC METHODS 

The difficulty of securing a known amoimt of manganese to 
serve as a primary standard has hindered the accurate investi- 
gation of the great number of volumetric methods which have been 
proposed. In most cases they have been tested by comparison 
with other methods, gravimetric or volumetric, which had not 
been shown to be intrinsically accurate. This fact, together with 
the usual dependence of the results of such methods upon the 
precise conditions of operation, has led to the pubUcation of a 
large number of contradictory papers upon these methods. For 
example, the Volhard method and its various modifications have 
been the subject of over fifty investigations since its publication 
in 1879. It is generally admitted that the results by this method 
are low unless an empirical factor dependent upon the conditions 
of operation is employed, though some investigators have obtained 
theoretical results under certain conditions. In view of the above 
situation, it is highly desirable to find some method which will 
yield results of known accuracy, which are not closely dependent 
upon the exact conditions of operation, and which may serve to 
test other methods. 

II. THE BISMUTHATE METHOD 

1. OUTLINE OP METHOD 

Of various methods considered, the bismuthate appeared most 
promising, and has been foimd to entirely fulfill the above require- 
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ments. In this method the manganese in nitric acid solution is 
oxidized with sodium bismuthate, of which the excess is removed 
by filtration through asbestos. To the resulting permanganic 
acid is added a measured excess of ferrous sulphate solution, 
which is then titrated with permanganate of known strength and 
of known ratio to the ferrous solution. The investigation there- 
fore resolved itself into a study of the methods of standardizing 
the permanganate employed in the final titration and the influence 
of the various conditions of operation upon the results obtained 
by the bismuthate method. 

2. HISTORY OF METHOD 

The method as originally prepared by Schneider* depended upon 
the use of bismuth tetroxide as the oxidizing agent and titration 
of the permanganic acid with hydrogen peroxide. In this form 
the method was employed by Campredon,'' Mignot' and Jabou- 
lay.* Reddrop and Ramage° modified it by employing sodium 
bismuthate, which was more readily obtained free from chlorine, 
and suggested filtration of the permanganic acid directly into 
the hydrogen peroxide. On account of the instability of the latter 
reagent Ibbotson and Brearley^ replaced it by ferrous anamonium 
sulphate, in which form the method has been since used, being 
described in detail by Blair", whose directions for this method 
are generally followed in this coimtry. 

3. STANDARDIZATION OF SOLUTION 

(a) Discussion of Methods. — ^As above stated, the accuracy of 
any such volumetric method depends principally upon the method 
of standardization employed. Blair* mentions in his book three 

•Ding. Poly. Jour. 369, 224. 

'Rev. Chim. Indust., 9, 306 (1898). 

"Ann. Chim. anal. S, 172 (1900). 

•Rev. gen. chim., 6, 119 (1903). 

sJour. Chem. Soc. 67, 268 (1895). 

»Chem. News, 84, 247 (1901). 

'Jour. Am. Chem. Soc. Se, 793 (1904) and "Chemical Analysis of Iron." 
6th and 7th ed. 

'In the appendix of the 1912 edition, p. 330, Blair recommends the stand- 
ardization with sodium oxalate, under approximately the conditions given by 
McBride, as the most accurate method; a conclusion based upon the work 
described in this paper. 



i] Congress of Applied Chemistry 65 

methods, viz.: (a) calculation from the iron value, (b) use of a 
steel of known content, and (c) use of a known amount of man- 
ganous sulphate; without expressing any preference, or opinions 
as to their relative accuracy. Standardization by means of sodium 
oxalate may be included under (a) since values found with this 
standard under proper conditions^ have been found at this Bureau 
to agree with iron values within one part in a thousand*. Method 
(b) is a secondary method and is evidently unsuitable for work 
of high accuracy. As will be shown later, the standardization of 
manganous sulphate is a tedious operation and subject to con- 
siderable errors. For this reason sodium oxalate was considered 
at this Bureau to be the most convenient and accurate standard 
for this method. Brinton' however stated that there was a dif- 
ference of one per cent (at first stated as over three per cent) 
between the values based upon sodium oxalate and manganese 
sulphate respectively. In a paper from this Bureau by Dr. W. F. 
Hillebrand and the author* the reasons for our belief in the 
accuracy of the sodium oxalate standard were expressed in the 
form of a preliminary paper, the conclusions of which have been 
verified by subsequent investigations described in this paper. 

(&) Evidence ba^ed on Reduction and Reoxidation. — The original 
basis of our use of the sodium oxalate standard for this method 
was the fact that if a definite amount of a permanganate solution 
be reduced and then reoxidized by means of the bismuthate method 
it is exactly equivalent in oxidizing power to the original perman- 
ganate. This experiment was based upon a similar one suggested 
by Wolff' and employed by de Koninck* for testing the accuracy 
of the Volhard method for manganese. Its significance as applied 
to the bismuthate method is that the manganese is oxidized to the 
same state of oxidation as was originally present in the permanga- 
nate, theoretically Mn^". In the absence of evidence to the con- 
trary it seems highly improbable that any appreciable man- 
ganese can be present in a filtered permanganate solution in a form 

■McBride: Jour. Am. Chem. Soc, 34, 415 (1912). 

'See Bureau of Standards Certificate for Sibley Iron Ore, Standard Sample 
27. 

'Jour. Ind. Eng. Chem., 3, 237 and 376 (1911). 
*Jour. Ind. Eng. Chem., 3, 374 (1911). 
•Stahl u Eisen, 11,373 (1891). 
•Bull. Soc. Chim. Belg., 118, 56 (1904). 
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other than Mn^', and still less probable that in an entirely dif- 
ferent medium the manganese should be oxidized by bismuthate 
to the same state of oxidation, other than Mn^'. Since, however, 
at least two persons in addition to Brinton had observed a dis- 
crepancy of the order of one per cent between the sodium oxalate 
and manganese sulphate values, the subject deserved further 
investigation; not alone from the standpoint of the manganese 
determination, but also as possibly throwing light upon the com- 
position of permanganate solutions and their action as oxidizing 
agents. At this point it may be mentioned that the original 
observations regarding the reduction and reoxidation of the 
permanganate have been confirmed entirely, with solutions 
Ai, B, E and G, prepared as shown on p. 67. 

4. Preparation of Materials and Solutions 

^, (a) Water. — Water used in the purification of permanganate 
and in the preparation of all the permanganate solutions except 
I and K was distilled three times, the last two being from alkaline 
permanganate. Water used for the rest of the work was ordinary 
distilled water of good grade. 

(6) Air. — The air used to deliver the solutions from the stock 
bottles was washed with acid bichromate solution and alkaline 
permanganate followed by a column of glass wool. 

(c) Asbestos. — The asbestos used in the filtration of the per- 
manganate solutions and in the bismuthate method was digested 
for several days with hydrochloric acid, which was finally removed 
by thorough washing with hot water. It was then suspended in 
water and the finest portions separated and used in this work. 
For a few of the experiments this asbestos was ignited, without 
making, however, any appreciable difference in the results. A 
two-inch platinum cone, arranged as suggested by Blair^ was used 
for preparing the filter. 

(d) Potassium Permanganate. — Two commercial samiples of 
potassium permanganate were employed. Baker & Adamson's 
C. P. salt, and Kahlbaum's "K" grade. A portion of the former 
was purified by two recrystallizations in Jena glass flasks, the 
solutions being electrically heated, and filtered through ignited 
asbestos just before being allowed to crystalhze. The fine crystals 

'"Chemical Analysis of Iron.'' 7th ed. p. 123. 
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so obtained were sucked dry on a platinum cone and were then 
exposed in a thin layer in the dark for four weeks in a vacuum 
desiccator over concentrated sulphuric acid, the vacuum being 
maintained at approximately two centimeters. In spite of this 
long drying, the material was found to contain 0.38% water as 
determined by heating to decomposition and collecting the water 
in a weighed calcium chloride tube. When dissolved in pure water 
and immediately filtered through asbestos, the solution left a 
sUght stain upon the filter. After thorough washing this stain was 
dissolved off with sulphurous acid, and its manganese content 
determined colorimetrically, being equal to about 0.01%, i.e., 
a negligible quantity. Numerous attempts to prepare a perman- 
ganate solution which would leave absolutely no stain upon as- 
bestos proved unsuccessful. Whether such stains were due to the 
action of the asbestos itself as claimed by Tscheishvili\ or to 
reduction of the permanganate by traces of dust or other reducing 
substances, could not be determined. The amount of such reduc- 
tion was however negligible, and far less than that observed by 
Tscheishvili. 

(e) Permanganate Solidions were prepared by dissolving a 
weighed amount of the salt in water; and in the case of the commer- 
cial samples, filtering through asbestos to remove manganese 
peroxide, etc. They were then made up to a definite weight of 
solution, since the subsequent analyses were conducted entirely 
with weight burettes. 

The following solutions were employed in the investigation: 

TABLE I. Permanganate Solutions Used 



Solution 


Approximate Strength 


KMnO. 


HK) 


Preserved 


Ai 


0.03N 


Purified 


Purified 


Dark 


A, 


0.03N 


Purified 


Purified 


Dark 


B 


0-M% KOH 


Purified 


Purified 


Dark 


E 


O.IN 


Purified 


Purified 


Dark 


G 


O.IN 


B&A 


Purified 


Dark 


I 


O.IN 


B&A 


Ordinary 


light 


K 


O.IN 


Kahlbaimi 


Ordinary 


Light 



'J. Russ.: Phys. Chem., See, 4^, 856 (1910). 
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These solutions were preserved in stock bottles provided with 
an inlet and exit tube with ground glass joint as in an ordinary- 
gas wash bottle. To the inlet tube was sealed a U-tube containing 
some of the same solution as was in the bottle, thereby preventing 
changes in concentration of the latter. The exit tube was pro- 
vided with a three-way stop cock and a tip by which the solution 
could be delivered to the weight burette by means of purified 
compressed air. 

(/) Stability of Permanganate Solutions. — ^At first it was thought 
necessary to protect these solutions with black paper, but later 
experiments showed that in the course of several months no ap- 
preciable decomposition took place in the solutions exposed to 
diffused daylight, provided they were first freed from peroxide 
and were protected from dust and other reducing substances, 
and that only purified air entered the bottles. Solution I, for 
example, prepared from ordinary distilled water, and permanga- 
nate containing appreciable peroxide, which was removed by a 
single filtration through asbestos, did not suffer decomposition 
within the limits of observation (one part in two thousand), 
on standing for two months without protection from the light; 
even though it was intentionally exposed to bright sunlight for 
several hours soon after it was prepared. In connection with this 
observation, which simply confirms previous work of others^ 
it is desirable to call attention to another point in connection with 
the stability of permanganate solutions, which so far as I know 
has not been previously noted, or pubhshed. Under conditions 
which rapidly reduce neutral permanganate solutions, e.g., the 
presence of dust, reducing gases, or precipitated peroxide, decom- 
position is greatly retarded by the addition of a small amount 
of alkali. It was upon the basis of this observation, first noted 
qualitatively, that solution B was prepared with one per cent, 
of potassium hydroxide. Results with this solution were entirely 
satisfactory, but since the other solutions, when protected from 
reducing substances, were perfectly stable, the use of alkaline 
solutions for this work was found uimecessary. Under commercial 

'Morse, Hopkins & Walker: Am. Chem. J., 18, 401 (1896). Gardner and 
North; J. Soc. Chem. Ind., 23, 599 (1904). Warynski & Tscheishvili-Jour. 
Chim. phys., 6, 567 (1908). 
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conditions, however, where it is not always practicable to protect 
the solutions, the addition of a small amount of alkali will add to 
their stability. 

(g) Manganese Sulphate. — Pure material was prepared from 
300 grams of Kahlbaum's crystallized manganese sulphate ("Zur 
analyse"), the operations being conducted entirely in platinum. 
It was dissolved in water and filtered to remove a small amount 
of insoluble matter. It was next saturated with hydrogen sul- 
phide, producing a small amount of a black precipitate which 
was found to contain copper. Additional hydrogen sulphide 
and a small amount of ammonia produced a precipitate entirely 
pink, which was filtered out. The hydrogen sulphide was expelled, 
a few drops of sodium hydroxide were added and the solution 
was boiled and filtered; the precipitate being found to contain 
iron. This last operation was twice repeated, the third precipitate 
being free from iron. An excess of pure, freshly prepared am- 
monium carbonate was then added and the precipitate of MdCOs 
washed with hot water, by decantation and suction, till free from 
sulphate. It was dissolved in a slight excess of hydrochloric acid 
and crystallized twice as MnCU, 4H2O (at— 5°). The latter crystals 
were treated with an excess of sulphuric acid, and heated in a 
double-walled platinum dish till almost all the excess sulphuric 
acid was expelled. The product was entirely soluble in water, and 
contained a slight excess of sulphuric acid as determined in sub- 
sequent tests (Table II A, p. 74). 

(h) Sodium Oxalate. — Two samples were employed, one which 
had been especially purified by the author for a previous investi- 
gation', and a larger sample prepared especially for this Bureau, 
and which was found to have a reducing value equal to the former, 
within the limits of one part in two thousand. 

(i) Ferrous Sulphate and ferrous ammonium sulphate were 
employed indiscriminately after it was found that the solutions 
possessed about the same stability. The C.P. salts as purchased 
were employed, since their exact composition was not important. 
For use with 0.03N permanganate, the solution was prepared 
according to Blair, with 12.4g ferrous ammonium sulphate (or 
8.8g crystallized ferrous sulphate) and 50 cc. concentrated sul- 

'Blum: Jour. Am. Chem. Soc, 34, 123 (1912). 
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phuric acid per kilogram of solution. For use with O.IN perman- 
ganate, a solution containing 39.2g ferrous ammonium sulphate 
(or 27.8g ferrous sulphate) and 50 cc. concentrated sulphuric 
acid per kilogram was prepared. If phosphoric acid was employed, 
as recommended by Dudley'^, it replaced half of the sulphuric 
acid in the 0.03N solutions; but was added in addition to the 
regular amoimt of sulphuric acid in the O.IN solutions. 

Stability of the Ferrous Sulphate Solution. Incidental obser- 
vations upon the change in strength of 0.03N ferrous ammonium 
sulphate indicated that the rate of oxidation, though slow, was 
erratic, due no doubt to variation in the extent of its exposure 
to air. With O.IN ferrous sulphate and ferrous ammonium sul- 
phate, the daily rate of oxidation under the conditions used was 
approximately one part in five hundred, i.e., about one per cent 
in five days, over considerable periods. This rate will depend 
no doubt upon the conditions of its preservation, and is of interest 
only as indicating how often its strength should be checked up 
for work of any desired degree of accm-acy. Ratios obtained at 
the beginning and end of various series of determinations showed 
that no appreciable change took place in a period of a few hours, 
thus confirming the observation of Baskerville and Stevenson^. 

(J) Nitric Add of regular C.P. grade was employed; in the 
concentrated form, and diluted to twenty-five per cent and three 
per cent by volume. The former two solutions were preserved 
in the dark, since it has been recently shown by Reynolds and 
Taylor' that nitric acid as weak as ten per cent is decomposed by 
light, but that recombination takes place in the dark. 

(k) Bismuthate. — Two samples of C.P. sodium bismuthate 
were employed, one from Baker & Adamson and one from Eimer 
and Amend. These two samples differed very markedly in ap- 
pearance, the former being dark brown and the other yellow. 
In spite of this fact, no difference could be detected between them 
as regards their suitability for this oxidation. It is well to mention 
however that this compound, of more or less indefinite composition, 
is somewhat unstable, and if preserved for over six months should 
be tested for its efficiency of oxidation. 

'Blair: "Chemical Analysis of Iron," 7th ed., p. 125. 
^Jour. Am. Chem. Soc, SS, 1104 (1911). 
^Jour. Chem. Soc, 101, 131 (1912). 
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(1) Ferric Nitrate. — In order to test the effect of ferric salts 
upon this method, it was necessary to obtain iron, or some salt 
of iron which was free or practically free from manganese. This 
proved to be a difficult task, and after testing American ingot 
iron, and a large number of ferrous and ferric salts, the only one 
found satisfactory was a sample of Merck's crystallized ferric 
chloride, which contained less than 0.001% manganese. To 
convert this to nitrate, it was first converted to sulphate by 
evaporation to the appearance of fumes with an excess of sul- 
phuric acid, and the sulphate was precipitated with ammonia, 
washed and dissolved in nitric acid. The resulting salt was free 
from chloride (of which traces interfere in the bismuthate method) 
and contained only a small amount of sulphate (which is without 
effect on this method). 

(m) Use of Weight Burettes. — Simple weight burettes were 
made by drawing down the tips of cylindrical graduated separa- 
tory funnels (50 and 100 cc). The increased accuracy gained 
by the use of weight burettes is especially desirable in an operation 
involving a back titration, and also the ratio of the two solutions 
used. Weighings were usually made to O.Olg, except in the case 
of the smaller amounts of manganese sulphate solutions, which 
were weighed to 0.005g or in some cases O.OOlg. The titrations 
were usually made in Erlenmeyer flasks of convenient size. 

5. Standaedization of Pebmanganate with SoDroM Oxalate 

Nothing is to be added to the conclusions of McBride,* except 
to emphasize their relation to the present problem. The conditions 
recommended by him for the standardization of O.IN permanga- 
nate are briefly as follows: Volume of 250 cc. acidity 2% sulphuric 
acid by volume, initial temperature, 80°-90°; slow addition of 
permanganate, especially at beginning and end; final temperature 
not less than 60°, and endpoint correction by comparison with a 
blank containing a known amount of the permanganate. His 
statement that the variation in results over a wide range of con- 
ditions does not exceed one part in a thousand, applies to titra- 
tions involving the use of about 50 cc. of O.IN permanganate. 
If, however, 0.03N permanganate, commonly used in the bismuth- 

'Jour. Am. Chem. Soc, S4, 415 (1912). 
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ate method, is standardized with sodium oxalate, slight variations 
in the conditions may cause a relatively much larger error, es- 
pecially if, as is not uncommon, only about 25 cc. of permanganate 
is employed. For standardization of 0.03N permanganate, the 
conditions of McBride were employed, except that the initial 
volume was 75 cc, instead of 250cc.,i.e., the oxalate concentration 
was about the same as for O.IN permanganate. In this way the 
uncertainty in the endpoint caused by titrating in a large volume 
with weak permanganate, can be reduced to a minimum. For 
accurate work, however, the endpoint correction should be made 
since the object of this titration is to determine the absolute 
oxidizing power of the permanganate. With so small a volume 
of solution it is usually necessary to reheat it to 60°-70° before 
completing the titration. These conditions, as shown by McBride, 
represent a minimum consumption of permanganate, i.e., the iron 
or manganese values are a maximum. Any deviation from these 
conditions will tend to lower the iron or manganese values, which 
it is believed accounts in part for the discrepancy noted by Brinton 
and others between values derived from sodium oxalate and from 
manganese sulphate. For calculation of the manganese value 
from the sodium oxalate, the factor 0.16397 was employed. 

6. Standaedization on Permanganate with 
Manganods Sulphate 

(a) Standardization of Manganous Sulphate Solutions. — The 
two methods commonly used for determining the strength of a 
manganous sulphate solution are (a) precipitation as manganese 
ammonium phosphate and ignition to pyrophosphate, and (b) 
evaporation of the solution and heating the residue to a certain 
temperature. Unfortunately both of these will yield high results 
if the solution contains substances other than manganese sulphate; 
whether in the original salt or derived from the glass in which the 
solution is preserved. But even with pure solutions the results 
are of uncertain accuracy, especially in the case of the pyrophos- 
phate as above mentioned (p. 3). Weighing as sulphate was there- 
fore adopted as the means of securing a known amoimt of manga- 
nese. The chief source of uncertainty here is the temperature of 
the final heating, a point upon which the evidence is rather un- 
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certain and contradictory. Volhard' was able to obtain constant 
weight with a special burner, but not with a Bunsen burner. 
IVlarignac* determined the atomic weight of manganese by 
heating the sulphate "nearly to red heat." Meineke' determined 
this element as the sulphate, which, after being heated to a tem- 
perature not stated, was completely soluble in water. Friedheim* 
heated the salt to 360°-400°, while Gooch and Austin' obtained 
constant weight by heating in double crucibles, one centimeter 
apart, the outer one being at red heat, a procedure since recom- 
mended by Treadwell.' In determining the water of crystalliza- 
tion of the various hydrates of manganous sulphate, Thorpe and 
Watts' heated the salt to 280°, Linebarger' to 170°-180° and 
('ottrelP to 270°-280°, though the latter found that no decomposi- 
tion took place at 350°. Richards and Fraprie^" showed, however, 
that as much as 0.1% H2O remained in the salt after heating for 
one half hour at 350°, but that five minutes' heating at 450° pro- 
duced complete dehydration without decomposition. Classen" 
and Blair'^ recommend heating to dull red; while Fresenius" 
declares that accurate results can be obtained only by chance, 
as it is impossible to expel all excess sulphuric acid without de- 
composing the salt. 

The following experiments were conducted to determine the 
temperature to which manganous sulphate may and must be 
heated, to expel all the water or excess sulphuric acid and to obtain 
the normal anhydrous salt. About two grams of the salt was 
heated in an open platinum crucible in a small electrically heated 
muffle, temperatures of which up to 400° were measured with a 
450° nitrogen-filled thermometer, and above 400° with a platinum- 
rhodium thermocouple calibrated at this Bureau. The crucible 

'Ann. Chem., 198, 318-64 (1879). 

'Arch. Sci. phys. et Nat. 3, 10, 25 (1883). 

'Chem. Ztg., 9, 1478, 1787 (1885). 

•Z. anal. Chem., 38, 687 (1899). 

'Am. Jour. Sci., 5. 209 (1898). 

'Tread well & Hall; Quant. Analysis II, 104. 

'Jour. Chem. Soc, 37, 113 (1880). 

•Am. Chem. Jour., 16, 225 (1893). 

•Jour. Phys. Chem., 4, 637 (1900). 

"Am. Chem. Jour., S6, 75 (1901). 

"■'Ausgew. Meth. AnaJytische Chem." I, p. 363. 

""Chem. Analysis of Iron," 7th ed., p. 126. 

"Fresenius-Cohn: "Quant. Analysis." I, p. 297. 
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was kept covered in the desiccator and upon the balance, where 
it was weighed against a similar crucible as a tare. The results 
of three series of heatings are shown in Table II, the figures in 
the last column being calculated from the weight which remained 
practically constant from 450° to 500°. 

TABLE II 
Tempehatdeb op Decomposition op Manganotjs Stophatb 

A 

MANGANOUS SULPHATE PKEPABED AS ON P. 69 



Temp. 


Time 
Hours 


Weight of 
MnSO., g 


Per cent of Remarks 
Constant Weight 


300° 


1 


2.3655 


100.10 


350° 


16 


49 


100.07 


420° 


2 


42 


100.04 


420° 


2 


40 


100.03 


420° 


17 


37 


100.02 


480° 


4 


33 


100.00 


480° 


17 


32 


100.00 


540° 


4 


31 


100.00 


550° 


18 


29 


99.99 


620° 


4 


25 


99.97 Slight darkening 



The final product was dissolved in water and the insoluble 
residue filtered out, washed and ignited, yielding 0.0006g .Mn304, 
equivalent to 0.0004g Mn, or 0.001 Ig MnS04. The filtrate was 
evaporated for series B. 

B 
Per cent of Renmrks 

Constant Weight 

100.15 

100.10 

100.03 

100.00 

100.00 

100.00 

99.98 Slight darkening 

99.95 Decided darkening 

A few drops H2SO3+H2SO4 were added to the final product, 
which was then reheated for series C. 



Temp. 


Time 
Hours 


Weight 
MnSO. g 


300° 


3 


2.3659 


340° 


18 


44 


400° 


4 


28 


440° 


18 


23 


480° 


5 


22 


480° 


18 


22 


570° 


f5 


17 


570° 


18 


09 
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Time 


Weight 
MnSO. g 


C 

Per cent of 


Remarks 


Temp. 


Hours 


Constant Weight 




300° 


4 


2.3717 


100.40 




320° 


17 


690 


100.28 




400° 


5 


41 


100.08 




400° 


17 


34 


100.05 




460° 


5 


23 


100.00 




460° 


17 


23 


100.00 




525° 


5 


21 


99.99 




625° 


17 


19 


99.98 




580° 


5 


17 


99.97 


Slight darkening 


580° 


17 


08 


99.94 Decided darkening 



From Table II the following conclusions may be drawn: 
1 — Manganous sulphate does not undergo any appreciable de- 
composition upon prolonged heating to temperatures up to 550°. 
2 — ^At temperatures from 550°-600° (from incipient to dull redness) 
this salt decomposes slowly. 3 — ^The anhydrous normal salt can 
be obtained only by heating, for considerable periods at 450°- 
500°, especially if an excess of sulphuric acid be originally 
present. 4 — Attempts to obtain the pure salt by heating 
directly over a flame, or even in a double crucible, without temper- 
ature regulation or measurement, must be subject to consider- 
able uncertainty. 

Having now a means for obtaining a known weight of manga- 
nous sulphate, solutions of known strength (from 0.002 to 0.005 
gram manganese per gram of solution) were prepared by dissolving 
a known weight of the pure salt, heated to constant weight at 
450°-500°, and making up to a definite weight of solution, the 
manganese content of which was calculated by the use of the 
factor MnS04 — Mn = 0.3638. In one case, for example, 5.749 
grams pure anhydrous MnS04 was dissolved in water and the 
solution made up to exactly 1000 grams; producing a solution one 
gram of which contained 0.002091g Mn, which value was confirmed 
by evaporation of a weighed portion of the solution and heating 
to 475° to constant weight. Determinations made by another 
chemist upon this solution,y,|by evaporation and heating for a 
short time to "dull redness," yielded the values 0.002100, 2092, 
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2103, and 2101; the mean value 0.002099 being therefore 0.38% 
too high, i.e., an error of about one part in two hundred and fifty. 
Upon another solution prepared in the above manner, and con- 
taining 0.002000g Mn per solution, the same chemist obtained by 
direct heating to dull redness 0.002004, 2006 and 2005; i.e., the 
results were high, in spite of the fact that in the latter series at 
least, very slight decomposition had evidently taken place in the 
bottom of the crucible. Apparently therefore those parts of the 
salt on the sides of the crucible had not been heated to the neces- 
sary temperature for a sufficient length of time to expel all water 
or excess acid. In view of these facts, the desirabihty of substi- 
tuting for the manganous sulphate, some other standard, such as 
sodium oxalate, is very evident. 

(&) Effect of Conditions upon Standardization with Manganous 
Sulphate. — (1) Ferrous sulphate-permanganate ratio. This ratio, 
which is fundamental for the accuracy of the method, is usually 
determined by means of a blank experiment, that is, a determina^ 
tion is run through in the absence of manganese, ujader the condi- 
tions to be used in the regular analyses. This procedure, which 
was evidently devised for the purpose of eliminating errors due 
to impurities in the reagents, has been foimd to be imnecessary, 
i.e., the ratio so obtained is the same as that obtained by direct 
titration of the ferrous sulphate in the same volume. This is 
due to the fact that on the one hand the bismuthate oxidizes readily 
any traces of nitrous acid which may be present in the nitric 
acid; and that on the other hand nitric acid of the strength present 
in the final solution does not have any effect upon the ferrous 
salt in the short time necessary for a titration. If, however, the 
ferrous salt be titrated in the presence of nitric acid containing 
small amounts of nitrous acid, which has not been treated with 
bismuthate, an excessive amoxmt of permanganate will be con- 
sumed, due to the reducing action of the nitrous acid upon the 
permanganate, which takes place more rapidly in the presence 
of ferrous salt than in its absence. It must be clearly understood 
that conducting the blank experiment in the usual way does not 
obviate the necessity of avoiding the presence of nitrous acid in 
the solutions of manganese used in the standardizations or analy- 
ses; since as indicated by Blair ^, nitrous acid will reduce part of 

•Seventh Ed. p. 128. 
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the permanganic acid, precipitating manganese peroxide, which 
is not reoxidized by the bismuthate. 

While not strictly necessary, the determination of this ratio 
by means of a blank affords a convenient means of testing the 
efl&cacy of the filter, and has therefore been followed in all this 
work. The conditions found most satisfactory are as follows. 
To 50 cc. of nitric acid (25% by volimie), add a small amount of 
bismuthate. Shake and allow to stand a few minutes, dilute 
with 50 cc. of 3% nitric acid; filter through the asbestos filter 
and wash with 100 cc. of 3 % nitric acid. To the filtrate, which 
should be perfectly clear, add a volume of ferrous sulphate approxi- 
mately equal to that to be used in the subsequent determinations 
(25 to 50 cc.) and titrate at once to the first v,isible pink. Even 
for the most accurate work, no endpoint correction is required 
for this titration, provided only that the solutions are always 
titrated to the same color, and that about the same volumes are 
used in the standardization and analyses. 

(2) Amount of manganese present in a determination. — One of 
the serious limitations of this method is the small amount of 
manganese generally determined, making it somewhat vmreliable 
for high-grade materials. Blair recommends the presence of 
from 0.01 to 0.02g Mn, involving the use of a sample of manganese 
ore of only 0.02g, obtained by taking an aliquot of the solution of 
a gram of the ore, Ibbotson and Brearley* state that the method 
is equally applicable for large or small amoimts of manganese 
without however giving the evidence for this conclusion. Since 
with 0.03N permanganate, 0.015 Mn is the largest amount that 
can be conveniently determined, the following experiments were 
conducted with approximately O.IN KMn04 and FeS04. The 
results are expressed in terms of the manganese value of one gram 
of the permanganate solution. It should be noted that a high 
result indicates incomplete oxidation of the manganese by the 
bismuthate. In these and the following series the following con- 
ditions were tentatively employed, and the variation produced 
by a change of one condition was noted in each series of experi- 
ments. The manganese sulphate was oxidized at room tempera- 
ture in a volume of about 50 cc, containing 25% nitric acid by 
volume. An excess of bismuthate (about 0.5g) was added, the 

'Chem. News, 8£, 269 (1900). 
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solution was agitated for one minute, the sides of tlie flask were 
rinsed down with 50 cc. of 3% nitric acid, and the solution at 
once filtered with suction through the asbestos filter, previously- 
coated with bismuthate. The flask and filter were washed several 
times with 3% nitric acid of which about 100 cc. was used. The 
filtration and washing required from 1 to 3 minutes. To the 
filtrate ferrous sulphate was added immediately in shght excess 
which was at once titrated with permanganate. 

TABLE III. Effect op Amount of Manganese in the Pkbsbnce 
OF Variable Amounts of Iron 



Manganese Values calculated from 



SoDioM Oxalate 


Manqanous Sulphate 


Values Determined 

Over a Period of 

Three Weeks 


Grams Manganese 
Present 


Grams Iron 
Present 


1 g. KMnOi 

SoIution= 

g. Mn. 


0.001090 


0.03 




0.001088 


91 


0.03 




88 


92 


0.03 


1.0 


89 


92 


0.03 


1.0 


89 


91 


0.03 


1.0 


91 


91 


0.03 


1.0 
B 


92 


91 


0.05 




90 


92 


0.05 




92 


91 


0.05 




90 


92 


0.05 




87 


90 


0.05 




90 


90 


0.05 


1.0 


89 


89 


0.05 


2.0 


90 


92 


0.05 


3.0 
C 


89 


91 


0.10 




89 


91 


0.10 


. . . 


89 


90 


0.10 




1161 


90 


0.10 


. . . 


1089 




0.10 


• • t 


97 




0.10 




96 




0.10 




1107 




0.10 




1088 



av. 0.001091 



av. of A & B. 



0.001089 
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From Table III it is evident that for amounts of manganese 
up to O.OSg the method is accurate within the limits of error, 
i.e. about one part in five hundred, while results obtained with as 
much as O.lOg Mn are decidedly erratic, only one half approaching 
the correct values. It is apparent therefore that about 0.05g 
Mn is the practical limit under these conditions. This amount is 
however far more satisfactory than only 0.01-0.02g, and permits 
the use of O.lOg of high-grade manganese ore, a decided advantage. 
As seen in series A and B, the results with as much as 3g iron 
present, are entirely satisfactory. The agreement of the sodium 
oxalate and manganese sulphate values will be discussed later. 

(3) Acidity, volume, time of standing, etc. — The results of sev- 
eral series of experiments to determine the effect of various 
conditions upon the bismuthate method are summarized in the 
following table. 

TABLE IV 
Efpkct of Conditions upon Bismuthate Standardization 
KMnO. Solution K 



Series 


Method 


Modification 


No. of 
Detns. 


1 g EMnOi So- 
lution=g Mn. 


Al 


Na.C.O. 


Standard — ^p 


6 


0.001098 


Bl 


MnSO. 


Standard — p 


9 


1098 


CI 


MnSO. 


Initial cone. HNO.— 10% 


3 


1114 


2 


MnSO. 


Initial cone. HNOr-40% 


3 


1098 


Dl 


MnSO. 


Initial volume — 150 cc. 


3 


1098 


El 


MnSO. 


Shaken with bismuthate 15 sec 


3 


1097 


F 1 


MnSO. 


Stood before filtration 10 min. 


3 


1097 


2 


MnSO. 


Stood before filtration 30 min. 


1 


1097 


01 


MnSO. 


Stood after filtration 10 min. 


1 


1097 


2 


MnSO. 


Stood after filtration 20 min. 


1 


1097 


3 


MnSO. 


Stood after filtration 30 min. 


1 


1098 


HI 


MnSO. 


Stood after addition of 










FeSO. 10 min. 


1 


1096 


2 


MnSO. 


Stood after addition of 










FeSO. 30 min. 


1 


1084 


I 1 


MnSO. 


Addition of Hi PO. — 5 cc. 


3 


1099 




Mean of all MnSO. values excep 


t Ci&Hi 


1098 



Of the MnSO* values given in Table IV, the individual deter- 
minations of all except those in Ci and Hj, varied less than one 
part in five hundred from the mean, showing that accurate results 
can be obtained over a very wide range of conditions. The only 
conditions found to produce appreciable errors were (a) deficiency 
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of nitric acid, and (b) allowing the solution to stand more than 
ten minutes after the addition of the ferrous sulphate, of which 
about 10 cc. excess was present. Since there is no occasion for 
either of these conditions to arise in good practice, the method 
may be considered accurate under all ordinary conditions of pro- 
cedure, an important criterion for a standard method of analysis. 

Use of phosphoric add. — The addition of this reagent as recom- 
mended by Dudley, was found convenient though not necessary; 
since with O.IN solutions, there was no diflBculty in obtaining a 
sharp endpoint within 0.03 cc. of permanganate, without its use. 
If used, it should be added to the ferrous sulphate solution before- 
hand, rather than during the titration, since in the latter case a 
white precipitate, probably consisting of basic bismuth phosphate, 
separates, rendering the endpoint slightly less distinct. With 
very large amounts of iron, e.g. 3-5g, such as would have to be 
used if Mn in steel were determined with O.IN permanganate, it 
was foimd that addition of phosphoric acid possesses no advan- 
tage, since it tends to produce a pink color, due probably to the 
formation of an acid ferric phosphate^ which obscures the end- 
point as much as does the ferric nitrate. The use of O.IN solutions 
is therefore recommended only for manganese ores and similar 
high-grade products, in which the highest accuracy is desired. 

(c) Probable course of reactions. — From Table IV, some light 
may be thrown upon the probable course of the reactions when 
manganese is oxidized by bismuthate. At least two reactions are 
probable: (a) direct oxidation to Mn™ and (b) interaction of 
unoxidized Mn" with the Mn'^", precipitating Mn"", which is 
then removed from the oxidizing influence of the bismuthate. 
If these two reactions may take place, the problem resolves it- 
self into a determination of the conditions imder which reaction 
(a) will be accelerated and (b) will be retarded, so that (a) goes 
practically to completion before (b) can take place to an appreci- 
able extent. The favorable conditions for (b) as conducted in the 
Volhard method, for example, are slight acidity and high tempera- 
ture; which should therefore be avoided in the bismuthate oxida- 
tion. That this explanation is plausible is shown by a comparison 
of Ci and C2. That complete oxidation may be effected in a short 
'ErlenmeyerandHeinrich: Ann. Chem., 190, 191, (1877.) 
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time is indicated in Ei; in which connection the necessity for 
thorough agitation must be emphasized. Other experiments, 
not recorded here, showed that with 0.05g or more of Mn, complete 
oxidation could not be effected if the solution was not thoroughly 
agitated. In the earlier experiments in this investigation, the 
solutions were artificially cooled to about 5°; but after it was found 
that results at room temperature, 20°-25°, were entirely satis- 
factory, artificial cooling was dispensed with. 

(d) Conditions recommended. — Correct results can be obtained 
under the following conditions. To the manganese solution 
containing 20-40% nitric acid (free from nitrous acid), in a volume 
of 50-150cc., add a sUght excess of bismuthate (usually 0.5 to 1.0 
gram), agitate thoroughly for about one half minute; wash down 
the sides of the flask with 3% nitric acid, add a slight excess of 
ferrous sulphate, and titrate at once with permanganate. For 
iron and steel,0.03N solutions as described by Blair are satisfactory. 

For ores and ferro manganese O.IN permanganate solution 
may be employed, and an amount of material containing about 
0.05 gram manganese. For the rapid solution of ores, a method 
recommended by Blair^ has been found convenient. One gram 
of the ore is fused in a large platinum crucible with 10 grams 
potassium bisulphate, one gram of sodium sulphite and 0.5 gram 
sodium fluoride. The heating should be very slow till efferves- 
cence ceases. After complete fusion the product is cooled, then 
heated carefully with 10 cc. concentrated sulphuric acid, cooled, 
dissolved in water, and made up to a definite volume. The 
slight precipitate of barium sulphate usually present will not 
influence the manganese determination. 

7 — Agreement of Values Derived from Sodixjm Oxalate 

AND MaNGANOUS SuLPHATE 

Consideration of the values in Table V shows plainly that 
no greater difference than one part in five hundred exists between 
the results derived from sodium oxalate and manganese sulphate 
respectively, instead of the former values being one per cent 
lower, as claimed by Brinton and others. In fact in the case of 
the O.IN solutions, the only ones in which an accuracy of more 

'Private communication. 
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than one part in five hundred is reahzable, the manganous sulphate 
values show a tendency to be from one to two parts per thousand 
lower than the sodium oxalate results. It is at least interesting, 
though perhaps not significant, that if the value 55.00 instead of 
54.93 be used for the atomic weight of manganese, the results 
with the O.IN solutions agree in every case to within one part in 
a thousand. 

TABLE V 
Comparison of Na!C!04 and MnSOi Values 





Manganesh Valtjes derived fhom 


Permanganate 


Sodium Oxalate 


Manganese Sulphate 




No. of Detns. 


Ig KMn04=g Mn. 


No. of Detns. 


Ig KMn0i=g Mn. 


Ai 


3 


0.0003465 


3 


0.0003469 


A^ 


4 


0.0003462 


3 


0.0003462 


B 


6 


0.0003454 


5 


0.0003458 


E 


9 


0.001096 


4 


0.001094 


G 


7 


0.001091 


5 


0.001090 


I 


18 


0.001091 


28 


0.001089 


K 


6 


0.001098 


29 


0.001098 



8 — Analysis of Pube Permanganate Crystals 

Additional evidence of the correctness of the above values was 
found in the analysis of the pure permanganate prepared as 
described on p. 10, which contained 0.38% water. The salt should 
therefore contain 34.63% manganese, instead of 34.76%^ the 
theoretical content for pure anhydrous KMn04. This difference 
with specially purified permanganate indicates clearly the probable 
presence of water as well as manganese peroxide in C. P. perman- 
ganate, rendering it unsuitable as a primary standard. Man- 
ganese was determined gravimetrically by precipitation with 
ammonium sulphide; the manganese sulphide being washed with 
dilute ammonium sulphide, ignited in a weighed crucible, treated 
with sulphurous and sulphuric acids, evaporated, heated to 450° 
to constant weight, and weighed as MnSOi. The manganese in 
the filtrates was determined colorimetrically. Results of dupli- 
cate analyses were 34.70% and 34.66%, the mean 34.68% agreeing 
closely with the theoretical value 34.63%. The oxidizing value 
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of this permanganate was determined by means of solutions Ai, 
As, and E (Table V) which were prepared by the solution of an 
exact weight of the salt in a definite weight of solution. In Ai 
and As, exactly one gram KMn04 was dissolved and diluted to 
one kilogram; jaelding solutions having an oxidizing value equiva- 
lent to 34.65% Mn (average of all sodium oxalate and manganous 
sulphate values for Ai and As). Solution E contained 3.1606g 
of the salt per kilogram, and possessed an oxidizing power equiv- 
lent to 34.65% Mn, (derived from the average of all sodium oxa- 
late and manganous sulphate values for solution E). Solutions 
B, G, I, and K were prepared of only approximately the desired 
strength, and the results have no relation to the composition of 
the solid permanganate employed. 

9 — ^Analysis of Manganese Obes 





TABLE VI 

Analyses of Manganese Ores 




Aaalsyt 


Method 


Ore I 


Ore II 


Ore III 


A 

B 

Author 


Bismuthate 

Modified Acetate 

Bismuthate 


52.47 
52.40 
51.93 


52.53 
52.29 
52.03 


50.50 
50.52 
50.12 



Analyses of the Bureau of Standards Manganese Ore (Standard 
Sample No. 25) by means of permanganate I, gave as the average 
of nine determinations, 56.30% Mn upon the basis of the sodium 
oxalate standardization, and 56.20% if calculated from the man- 
ganous sulphate. These results are in good agreement with the 
mean value 56.36% derived from all determinations upon the 
certificate; and with the value 56.33 formerly found by the author 
with the bismuthate method, using sodium oxalate as the standard. 
Unfortunately comparisons based upon this sample are not neces- 
sarily conclusive, since the mean value 56.36% is derived from 
results ranging from 56.15 to 56.63, obtained by eight chemists 
using a variety of methods, the lack of agreement of which is 
illustrated. If the bismuthate results by the author are correct, 
a conclusion made highly probable by the work here described, 
the value of the ore lies between 56.20 and 56.30% manganese; 
and many of the values found by other methods, by the author 
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and others, are too high. That the tendency of many commercial 
methods is to yield results higher than those by the method here 
recommended, is shown in the results of analyses of three man- 
ganese ores by the author and two well known commercial chemists. 
The differences here shown, amounting to 0.8 to 1.0% of the 
manganese present, are by no means insignificant. The discrep- 
ancy between the results by A and the author, both using the 
bismuthate method, was found to be due mainly to differences 
in the method of standardizing the manganous sulphate solution 
(see p. 75) . These results show clearly the necessity for a thorough 
investigation of other methods for determining manganese, in 
order that accurate results may be imiformly obtained. 

10 — Summary 

1 — To obtain normal, anhydrous manganous sulphate, the salt 
may and must be heated for a considerable time at 450°-500°, 
i.e., just below red heat. 

2 — Standardizations of permanganate^solutions (both 0.03N 
and O.IN) by means of sodium oxalate, manganous sulphate, 
and solid permanganate agree within the experimental error, 
which in the bismuthate method could not be reduced much 
below one part in five hundred. Taken together with the agree- 
ment of sodium oxalate and iron values, and the experiments 
upon the reduction and reoxidation of permanganate, the absolute 
accuracy of the above results, within the experimental limits, is 
rendered almost certain. 

3- — In view of the diflSculties attending the use of manganous 
sulphate, standardization by means of sodium oxalate, under 
definite but easily realizable conditions is recommended. 

4 — Results by the bismuthate method, are accurate over a very 
wide range of conditions, for amounts of manganese up to 0.05 
gram. 

5 — For accurate determinations on rich ores, etc., the use of 
O.IN permanganate is recommended, while for iron and steel the 
method described by Blair is entirely satisfactory. 

6 — The statement of Blair that "this method for materials 
containing small amounts of manganese, say up to 2 per cent, is 
more accurate than any other method, volumetric or gravimetric" 
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may be extended to include materials containing large amounts 
of manganese. 

7 — Filtered permanganate solutions preserve their strength 
when exposed to diffused light, if protected from dust and reducing 
substances. In the presence of the latter, alkaline permanganate 
solutions decompose less rapidly than do neutral solutions. 

The author desires to express his thanks to Dr. W. F. Hille- 
brand for valuable suggestions and advice during the course of 
this investigation. 



ON THE DETECTION AND SEPARATION OF ALUMINUM 
AND BERYLLIUM BY THE ACTION OF AMYL 
ALCOHOL ON THE NITRATES 

By Philip E. Browning and Simon B. Kuzirian 
Yale University, New Haven, Conn. 



PRELIMINARY 



The work to be described is a study of the process of dehydra- 
tion with amyl alcohol, as applied to the separation of aluminum 
and beryllium. 

Aluminum nitrate was dissolved in a few drops of water in a 
test-tube, about 10 cm.' of amyl alcohol was added, and the whole 
wafi brought to the boiling point, 128°-130°. Apparently the 
aluminum salt separated completely; and after filtration on a dry 
paper the filtrate, upon treatment with ammonium hydroxide, 
showed no evidence of aluminum in solution. BerylUum nitrate, 
similarly treated, remained in solution; 5 cm.' of a saturated solu- 
tion made in this way proved to contain from 0.10 grm. to 0.13 
grm., calculated as BeO. 

QUALITATIVE METHOD 

Table I shows the results of a number of experiments upon the 
application of this method to the qualitative separation and detec- 
tion of aluminum and beryllium. The aqueous solution of the 
salts was in each case evaporated to a few drops, and about 
10 cm.' of amyl alcohol was added. The whole was then brought 
to the boiling point, and the complete dehydration was indicated 
when the fumes of the alcohol burned quietly at the mouth of the 
test-tube. The separation of a soUd residue in the liquid or upon 
the side of the tube indicated aluminum. The alcohol was then 
allowed to stand imtil cool, and was filtered on a dry paper. 
Upon the addition of a drop of ammonium hydroxide to the 
filtrate, a precipitate [Be(0H)2] showed the presence of beryllium. 
Care was taken to treat not more than 0.1 grm. of material with 
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10 cm.' of alcohol, in order to be well within the limit of solubility 
of the beryllium salt in amyl alcohol. 

The solutions used were prepared by one of the experimenters, 
and the tests were made by the other, without knowledge of the 
content of the solution under examination. The method was 
thus given an unprejudiced trial. 

QUANTITATIVE METHOD 

The first experiments on the quantitative side of the problem 
were made upon the salts separately. 

Solutions were prepared and standardized in the usual manner, 
by precipitation as the hydroxides, ignition, and weighing of the 
oxides. Portions of these solutions were drawn from burettes into 
small coimterpoised beakers and weighed, as a check on the 
burette readings. In each case the solution was then evaporated 
to dryness and the residue dissolved, in a few drops of dilute nitric 
acid. About 15 cm.' of amyl alcohol was added, and boiling 
was continued imtil a thermometer placed in the liquid registered 
from 125° to 130°. After cooling, the alcohol was decanted 
through asbestos felt in a perforated platinum crucible, the crucible 
and felt having been previously ignited and weighed. 

In the case of aluminum, the residue in the beaker was dis- 
solved in dilute nitric acid, and the dehydration was repeated 
with another 15 cm.' of alcohol. This double treatment was 
employed because of the tendency of a separating salt to include 
some of the soluble salt, when the two are present together. 
After the second dehydration, the aluminum nitrate was filtered 
on the felt previously used, having been washed from the beaker 
with amyl alcohol contained iu a wash bottle. The salt that ad- 
hered to the beaker was dissolved in water and dilute nitric acid, 
and the aluminum was precipitated as the hydroxide by ammonium 
hydroxide. The aluminum nitrate on the felt was then ignited 
to the condition of the oxide, and the alxmainxim hydroxide belong- 
ing to the same determination was added, and filtered on the same 
felt, and the whole was ignited to constant weight. Table II 
gives the results when aluminum was present alone. 

The results when beryllium was present alone are to be found 
in Table III. In these determinations two boilings were made, 
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the clear liquid obtained was poured upon the weighed felts, and 
the felts were washed with alcohol. In a number of cases the 
felts were ignited and weighed, and were shown to be free from 
berylliimi by their unchanged weight. Several methods were 
tried for estimating the beryllium in the amyl alcohol filtrate, 
such as biuning the alcohol and weighing the residue, precipitat- 
ing directly with ammonium hydroxide with or without mixture 
with ethyl or methyl alcohol, and extracting from the alcohol by 
shaking with water in a separating funnel and precipitating from 
the water extract by means of ammoniimi hydroxide. The last 
proved to be the most convenient method. Two shakings with 
about four times the volume of water gave satisfactory results. 
By this procedure the alcohol may be recovered for repeated use. 

When aluminum and beryllium were present together some 
difficulty was encountered, due, apparently, to the tendency of 
the aluminum to include the beryllium, even after two treatments. 
However, the results given in Table IV show a rough separation, 
and the authors feel confident that further study of the method 
will make better results possible. 

As a qualitative method the results are entirely satisfactory, 
and the process can be recommended for the preparation of beryl- 
lium salts free from aluminum. 





TABLE I 




y taken 


Be taken 






lated as AliO. 


Calculated as 


BeO Al result 


Be result 


0.1000 


0.0000 


Decided test 


No test 


0.1000 


0.0010 


Decided test 


Fair test 


0.0080 


0.0020 


Decided test 


Distinct test 


0.0040 


0.1000 


Decided test 


Decided test 


0.0008 


0.0000 


Faint test 


No test 


0.0008 


0.0020 


Fa,int test 


Distinct test 


0.0002 


0.0000 


Very faint test 


No test 


0.0000 


0.0040 


No test 


Distinct test 


0.0000 


0.0002 


No test 


Faint test 


0.0000 


0.0000 


No test 


No test 
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TABLE II 

Al calculated as AI2O3 
Taken Found 

grm. grm. 

0.0652 0.0654 

0.1042 0.1040 

0.1039 0.1024 

0.1042 0.1050 

0.0429 0.0442 

0.0421 0.0427 
Average error 0.0002+ 



Error 
grm. 

0.0002+ 

0.0002- 

0.0015- 

0.0008+ 

0.0014+ 

0.0006+ 



TABLE III 
Be calculated as BeO 
Taken Found Error 

grm. grni. grm. 

0.1087 0.1074 0.0013- 

0.0313 0.0312 0.0001- 

0.1022 0.1025 0.0003+ 

0.1020 0.1027 0.0007+ 

0.1021 0.0034 0.0013+ 

Average error 0.0002+ 

In the last three cases Be was extracted from the alcohol by shak- 
ing with water. 

TABLE IV 



AI calculated as Al^Ai 



Be calculated as BeO 



Taken 


Foimd 


Error 


Taken 


Found 


Error 


grm. 


gi'm. 


grm. 


grm. 


grm. 


grm. 


0.1048 


0.1060 


0.0012+ 


0.0364 


0.0340 


0.0024- 


0.0653 


0.0675 


0.0022+ 


0.0316 


0.0320 


0.0004+ 


0,0456 


0.0474 


0.0018+ 


0.0316 


0.0316 


0.0000 


0.0625 


0.0615 


0.0010- 


0.0407 


0.0395 


0.0012- 


0.0639 


0.0644 


0.0005+ 


0.0410 


0.0440 


0.0030+ 



Average error, Al, 0.0012+ Average error, Be, 0.00004 — 



THE METHODS OF THE UNITED STATES STEEL 

CORPORATION FOR THE COMMERCIAL SAMPLING 

AND ANALYSIS OF PIG IRON^ 

The Chemists' Committee of the U. S. Steel Corporation 



PREFACE 



In conformity with the design of the Officials of the United 
States Steel Corporation for the standardization of the methods 
employed in the sampling and analysis of all materials encountered 
in their various lines of manufacture, the Chemists' Committee 
presents this compilation of standard methods for the sampling 
and subsequent analysis of molten pig iron. 

In selecting the methods, the Committee employed the same 
line of procedure as in former cases, viz., the careful consideration 
of all the methods employed in each laboratory of the Corporation, 
evolving therefrom the several methods herein described, the im- 
mediate adoption of which is desired. 

The services of Messrs. W. B. N. Hawk, Wm. Brady and C. H. 
Rich, a sub-committee appointed for the preparation of this 
pamphlet, are gratefully acknowledged. 

introduction 

A quite obvious cause of nonconformity of results of comparative 
analyses in the various laboratories of the Corporation has been 
an apparent lack of uniformity of method in the sampling and 
analysis of molten iron. 

This condition is particularly apparent with regard to the 
determination of the sulphur, numerous discrepancies in which 
would appear to indicate the absence of, and the necessity for, 
some uniform method of procedure. The estimation of the sulphur 
by the gravimetric method and the determination of the remaining 
constituent elements of the iron, are susceptible of a most satis- 
factory degree of accuracy. The successful issue of the volumetric 

'Copyright 1912 by J. M. Camp, Chairman Chemists' Committee. 
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determination of the sulphur, however, is largely dependent upon 
the grade of the iron and the conditions under which the test is 
taken. A disturbing factor in establishing a satisfactory standard 
of comparative values in such analyses is the loss of uncertain 
and varying proportions of the sulphur, due to the formation of 
volatile and difficultly oxidizable organic sulphides, upon solution 
of white or chilled iron in hydrochloric acid. Comparative tests 
by a number of chemists of the Corporation having shown quite 
satisfactory agreement in sulphur values as obtained by the evo- 
lution method in sand cast and properly taken so-called chilled 
test samples, it has been decided to adopt for all purposes the 
more convenient chilled test, which, it is believed, will tend to 
conserve the desired comparative accuracy. True value's may be 
obtained in the crushed shot sample by annealing the powder in 
a current of natural gas or under any convenient non-oxidizing 
conditions, but the exigencies of the routine of the works labora- 
tory, as demanded by the conditions necessarily involved in the 
manufacture of iron and steel, would in most cases prohibit this 
metallurgical refinement. 

The methods of analysis herein described represent the best 
present day practice and it is hoped that their adoption will go 
far toward reconciling those too often variant conditions, con- 
venience of manipulation and accuracy of result. 

The solutions as prescribed are indicated in their various 
proportions on a one litre basis. It will be foimd convenient, how- 
ever, in most cases to employ in actual practice corresponding 
multiples of a greater volume. 

SAMPLING 

Character of the Sample 

Two optional methods are prescribed for taking the test: 

1. Plate or Pat Test 

With a suitable hand ladle a portion is dipped from the stream 
of molten iron and, with the spoon of the ladle resting upon a 
clean dry iron plate, a pat of such size as may be desired is poured 
thereon. 
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2. Chilled Mould Test 

With the spoon of the hand ladle resting upon the dry clean 
mould (later to be described) a portion is poured sufficient to fill 
the mould. 

The use of the water shot sample is to be considered as in viola- 
tion of the standard method. The sand cast sample may be used 
but the imiform adoption of the pat or the chilled mould test is 
urged. 

Number of Samples to be Taken 

As tending to a reasonable degree of accuracy, it is recommended 
that a portion be secured, timed as nearly as may be practicable 
for the middle of each ladle of iron representing the cast. Equal 
portions from each of these samples are conveniently combined 
for the subsequent analysis. 

Preparation of the Sample 

The tests are either drilled or crushed as required. If crushed, 
only that portion passing an eighty-mesh sieve is used for the sub- 
sequent analysis. 

Description of the Mould 

Two convenient forms of mould are recommended, either of 
which may be used to advantage. 

The mould (Figure 1) furnishes a test which may be conveniently 
broken and crushed. The number of the furnace may be cast in 
the mould with Roman numerals or any other suitable form of 
designation. The two ridges shown in the test in this figure indi- 
cate that the test is taken from furnace No. 2. 

The mould (Figure 2) furnishes a test which may be either 
drilled or crushed. If the sample is to be crushed, the .notched 
prolongation "T" is broken and crushed and the main body of 
the test reserved for the furnace man's fracture test. The furnace 
number may also be indicated in this form of mould in the same 
manner but not so conveniently and only in the main body of 
the test. 

The moulds are made of cast iron and are illustrated in detail, 
with complete dimensions, in Figures No. 1 and No. 2. 
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METHODS OF ANALYSIS 

Determination of Silicon 
Brown's Method 

A single or double factor weight, .4693 or .9386 gram, of the 
sample is transferred to a glazed porcelain dish, 15 to 25 cc. of 
the silicon mixture added, gentle heat applied to the uncovered 
dish, and the solution is evaporated to pronounced fumes of 
sulphuric anhydride. The dish is removed from the heat and 
allowed to cool, the residue is moistened with 10 cc. of the dilute 
hydrochloric acid, 50 cc. of hot water added and the solution 
heated without boiling until the soluble salts dissolve. The residue 
of silica and graphite is collected on a 9 cm. ashless filter, washed 
alternately with hot dilute hydrochloric acid and water to the dis- 
appearance of the soluble iron, and finally with hot water until 
free from chlorides. The residue is ignited uncovered in a weighted 
crucible at a moderate temperature until the carbon is completely 
oxidized, and finally for a few minutes at a higher temperature to 
the dehydration of the silica. The residual weight in milligrams 
divided by ten and corrected in conformity with the initial weight 
of the sample equals per cent silicon. 

Ford's Hydrochloric Acid Method 

This well known method is useful ia point of rapidity, yielding 
satisfactory results in a shorter time than the more refined Drown's 
method. A single or double factor weight of the sample is trans- 
ferred to a porcelain or platinum dish with cover glass, 20 or 30 
cc. of concentrated hydrochloric acid added and the solution 
boiled rapidly to complete dryness; the residue is not baked. 
Ordinarily, decomposition is complete by the time the evapora- 
tion is effected. To the dry residue in the platmum dish there is 
added at once, or in the porcelain dish when sufficiently cooled, 
20 cc. of the dilute hydrochloric acid. The solution is heated 
gently for a few minutes with the addition of 50 to 60 cc. of water, 
and the heating continued until the soluble salts dissolve. The 
residue is collected and finally weighed as in the previously de- 
scribed Drown's method. The use of suction in the filtrations and 
the ignition of the residue in an atmosphere of oxygen will be appre- 
ciated as factors affecting the rapidity of the analyses in both of 
the above methods. 
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SOLUTIONS REQUIRED 

Silicon Mixture 

Nitric Acid 1.20 sp. gr. 750 cc. 

Sulphuric Acid 1.50 sp. gr. 250 cc. 

Dilvie Hydrochloric Add 

Hydrochloric Acid 1.20 sp. gr. 500 cc. 

Water 500 cc. 

DETERMINATION OF SULPHUR 

Volumetric Method 
Evolution Iodine Titration 

It is apparent that the evolution method is of comparative value 
only and is in no sense to be regarded as yielding the exact measure 
of the sulphur content of the iron, a fact of which due cognizance 
should be taken by all users of pig iron. Equally apparent, how- 
ever, is the undoubted usefulness of the method in connection with 
the routine requirements of the iron laboratory and of the various 
metallurgical processes in conjunction with which it is used. 

The apparatus as recommended for this determination consists 
of a flask of suitable form and size, preferably sixteen ounce 
Florence ring neck with a two hole rubber stopper equipped with 
an ordinary funnel or thistle tube and a short piece of glass tubing 
bent at right angles (exit tube) in the respective apertures. The 
exit or delivery tube is connected with the absorption vessel in 
such manner as to conduct the evolved gases to the bottom of the 
vessel. The absorption may be effected either in the beaker in 
which the titration is to be conducted, or in a test tube, preferably 
10" by l", suitably supported. 

A minimum of 2.5 grams or a maximum of 5 grains of the sample 
is transferred to the flask, the stopper is inserted and the flask 
conveniently connected with the vessel containing the absorbent; 
40 to 60 cc. of dilute hydrochloric acid are introduced through 
the fimnel and heat apphed, a brisk evolution of the gases being 
maintained until the powder is decomposed. The temperature 
is then raised until the steam formed has forced the last trace of 
the hydrogen sulphide gas into the absorbent. The heat is re- 
moved, the apparatus disconnected and the titration conducted. 

Ten cc. of the starch solution are added to the titrating beaker 
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and the contents of the absorption tube transferred thereto. Both 
the absorption and delivery tube are rinsed with cold water and 
any adhering precipitate is dissolved by means of a fine jet of the 
dilute hydrochloric acid. Care is exercised that the acid solution 
be not unduly agitated before the introduction of the iodine solu- 
tion. If the absorption is effected in the beaker, the delivery 
tube is removed first, cleansed with the acid and water and, with 
the precaution suggested above, an excess of the dilute acid is 
added. The final volume of the solution should approximate 
400 cc. The solution is stirred gently in order to neutrahze the 
alkali of the absorbent, which, if left imdisturbed, reacts with the 
iodine with formation of a substitution product from which the 
iodine is but partially hberated upon acidifying the solution. The 
iodine solution is then added in successive portions, while the 
solution is stirred as the color fades, until the addition of a final 
drop yields the permanent blue color of the adopted endpoint. 
The number of cubic centimeters of the iodine required multi- 
phed by .01 is equivalent to per cent sulphur. 

The volume of the solution in the absorption vessel is so adjusted 
as to insure a sufficient body for the absorption of all of the gas, 
and a sufficient excess of the stock absorbent is maintained in 
proportion to the total volume of the solution. The proportions 
as used in the 10 in. by 1 in. test tube (15 cc. of any of the stock 
absorbents diluted to 60 cc.) may be taken as a basis therefor. 
If desired, the starch indicator solution may be added to any 
of the stock absorbent solutions in such proportions as to furnish 
the equivalent of 10 cc. of the indicator in the titration. 

SOLTJTIONS EEQtriKED 

Starch Indicator. To one litre of boiling water in a suitable 
flask, a cold emulsion of six grams of starch suspended in 100 cc. 
of cold water is cautiously added, and the boiling contmued five 
minutes after the final addition. The solution is cooled to room 
temperature, and, with the addition of six grams of zinc chloride 
in 50 cc. of cold water, mixed thoroughly and set aside for a day 
or two with occasional shaking. After the final subsidence of 
the heavier residue, the starch solution is siphoned into the con- 
tainer and the settlings rejected. The zinc chloride is added as 
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a preservative. Preliminary boiling of the water tends to les e 
the fronting or formation of large bubbles on the addition of the 
starch. 

Standard Iodine. Ten grams of potassium iodide crystals, 
followed by 4.5 grams of resublimed iodine, are transferred to a 
glass stoppered graduated flask; 25 cc. of cold water are added 
and the flask is shaken until the iodine is completely dissolved. 
The solution is diluted to volume of one litre and set aside for not 
less than twenty-four hours before standardizing. The known 
sulphur of a standard steel, afe determined both by the evolution 
and oxidation methods, is used as the basis of standardization 
with final adjustment so that 1 cc. is equivalent to .01 per cent 
sulphur on the basis of the weight of sample used 

Dilute Hydrochloric Add 

Concentrated Acid 500 cc. 

Water 500 cc. 

ABSORBENTS 

Ammoniacal Solviion of Cadmium Chloride 

Cadmium Chloride 5 grams 

Water 375 cc. 

Ammonia 625 cc. 

Caustic Alkali 

Caustic Potash or Soda 5 grams 

Water 1>000 cc. 

Ammoniacal Solution of Zinc Sulphate 

Zinc Sulphate 10 grams 

Strong Ammonia 625 cc. 

Water 375 cc. 

Gravimetric Method 

Five grams of the sample are transferred to a clean No. 4 
beaker or twelve otmce Erlenmeyer flask, and with the addition 
of 100 cc. of concentrated nitric acid, gentle heat applied until 
solution is complete. It is sometimes necessary to check a too 
violent action of the acid, which might result in loss of unoxidized 
sulphur, by placing the beaker or flask in cold water. The solution 
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is boiled briskly to low bulk, and after cooling somewhat, 30 cc. 
of strong hydrochloric acid added, the solution is again concen- 
trated, and following the precautionary addition of one gram of 
pure sodium carbonate, transferred to a clean porcelain dish 
and evaporated to complete dryness and the residue baked a short 
time at a moderate temperature. 

The dish is allowed to cool, 35 cc. of concentrated hydrochloric 
acid added and heat applied until the soluble salts dissolve; the 
solution is again evaporated to complete dryness and the residue 
baked as before. This procedure insures the elimination of the 
nitric acid. The dish is cooled, 35 cc. of concentrated hydrochloric 
acid are added and heat is apphed until the soluble salts are again 
dissolved. The cover is removed, and with the dish placed upon 
a suitable asbestos ring in order to prevent the formation of a 
crust of the metalhc salts upon the sides, the solution is evaporated 
to the first appearance of the separation of the chlorides, which 
are then dissolved by the addition of a few drops of concentrated 
hydrochloric acid; three drops should suffice. Cold water is added 
to volmne of about 75 cc, the residue is collected upon an 11 cm. 
filter and the filtrate received in a No. 2 beaker. The residue 
and filter are washed with the least possible amount of the hot 
dilute hydrochloric acid, alternated with cold water, to the dis- 
appearance of the iron stains and finally with hot water to volume 
of about 200 cc. To this cold solution 10 cc. of a ten per cent 
solution of barium chloride are added and the solution is allowed 
to stand with occasional stirring not less than twelve hours. 

When the precipitate of bariimi sulphate has subsided, it is 
collected upon a 9 cm. close ashless filter, washed with dilute 
hydrochloric acid (five per cent) to the disappearance of the 
iron and finally with hot water until free from chlorides. The 
filter and residue are ignited uncovered in a weighed crucible 
at a moderate temperature to the disappearance of the carbon of 
the paper and finally at a somewhat increased temperature for 
ten minutes. The residual weight multiplied by 13.74 and divided 
by 5 equals per cent sulphur. The filtrate is set aside until satis- 
fied that no further precipitation ensues. 

The carbonaceous sihceous residue of the original solution 
usually retains some sulphur and is ignited in platinum under 
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cover of pure sodium carbonate and decomposed by fusion with 
further addition of the carbonate and two-tenths gram of nitre; 
the subsequent hydrochloric acid solution is freed from its silica 
and added to the original filtrate, or examined separately for 
sulphur. 

It is apparent that absolute purity of reagents and cleanliness 
of utensils and the final weighing of the barium sulphate effected 
under the most exact conditions, are determining factors in the 
successful issue of analyses by this method. 

DETERMINATION OP PHOSPHORUS 

Volumetric Method 
Add Alkali Titration 

One to two grams of the sample are transferred to a flask, 
preferably twelve ounce Erlenmeyer, 40 cc. of nitric acid (1.13 
sp. gr ) added and heat applied until the sample is decomposed. 
The sides of the flask are washed down, one gram of ammonium 
persulphate is added and the solution boiled until the combined 
carbon is completely oxidized. The residue is caught on an 11 cm. 
filter and washed with dilute nitric acid (two per cent) and hot 
water to the disappearance of the soluble iron. The filtrate is 
heated to boiling in a suitable flask, a slight excess of a solution 
of potassium permanganate added and the boiling is continued 
until the excess of the permanganate is decomposed. The resultant 
precipitate of manganese dioxide is reduced to its soluble nitrate 
by means of the chosen reducing agent and the boiling continued 
until the excess thereof is decomposed. 

With the solution at a temperature of 80° C, 40 to 60 cc. of 
ammonium molybdate solution are introduced and the flask is 
shaken for five minutes. The precipitate quickly subsides and 
is at once collected upon a 9 cm. filter, washed with dilute nitric 
acid (two per cent) until free from iron, and then with solution 
of potassium nitrate (one per cent) to the removal of the last 
trace of free acid. 

The titration may be conducted in a beaker or in the flask in 
which the precipitation was effected. Care is exercised in the 
latter case to wash the flask thoroughly with the neutral wash, as 
any acid present of coiu-se reacts with the standard alkali. The 
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filter and precipitate are transferred to the beaker or flask and the 
standard alkali is added in excess sufficient to render easy the 
subsequent maceration of the filter, which is accomplished by- 
breaking up with a clean glass rod, or, if in a flask, by shaking the 
flask closed by a clean rubber stopper. When the precipitate has 
dissolved and the paper is thoroughly disintegrated, the solution is 
diluted and three drops of the indicator are added. The standard 
acid is then added to the disappearance of the pink tint, the sides 
of the titrating vessel washed down with cold water and, with a 
final volume of about 150 cc, the standard alkali is added to the 
adopted pink endpoint. The number of cubic centimeters of the 
alkaU used in excess of the acid, multiphed by .01 or .02, is the 
equivalent of phosphorus in hundredths per cent. 

SOLUTIONS HEQIHRED 

Standard Caustic Soda. Six and six-tenths grams of pure 
sodium hydroxide are dissolved in 100 cc. of boiled water. The 
solution is freed from any carbonic acid introduced by the caustic 
alkali, by the addition of about 1 cc. of a saturated solution of 
bariiun hydroxide with subsequent filtration, and the solution 
finally diluted to volume of one htre. If desired, a stock solution 
may be carried, a convenient aUquot portion of which is diluted 
for the working solution. 

Standard Nitric Add. Ten cc. of concentrated acid diluted to 
one htre. The acid and alkah solutions are standardized against 
the known phosphorus of a standard steel with final correction 
so that they are exactly agreeing and 1 cc. is equivalent to ,01 
per cent phosphorus on the basis of two grams of the sample. 

Ammonium Molybdate. To 65 grams of molybdic acid (85 
per cent) suspended in 142 cc. of cold water in a suitable flask, 
143 cc. of strong ammonia are added and the flask is rotated until 
the molybdic acid is completely dissolved. The solution is cooled 
and added slowly to 715 cc. of nitric acid of 1.20 sp. gr. while 
the acid solution is vigorously stirred. 

Molybdic acid is at times encoimtered which fails to yield a 
permanently clear solution of the ammonium molybdate; the addi- 
tion of one or more drops of a 10 per cent solution of ammonium 
phosphate assists in clarifying the solution. The solution is allowed 
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to stand over night, when it is filtered into the container, pref- 
erably through purified asbestos and with the aid of suction. 

Phenolphthalein. One gram dissolved in one litre of ethyl 
alcohol. 

Nitric Add {1.13 sp. gr.) 

Nitric Acid — Concentrated 240 cc. 

Water 760 cc. 

Potassium Permanganate Oxidant. Twenty-five grams to one 
litre. 

REDUCING AGENTS 

Ammonium Bisulphite. Five per cent solution. 

Ferrous Sulphate 

Ferrous Sulphate 50 grams 

Water 1,000 cc. 

Potassium Nitrite 

Potassiimi Nitrite 50 grams 

Water 1,000 cc. 

Sugar. Saturated solution. 

POTASSIUM PERMANGANATE TITRATION 

The yellow precipitate as above obtained is washed with am- 
monium sulphate solution, or if desired, dilute sulphuric acid 
(2 per cent.) until free from iron and molybdenum salts. Dilute 
ammonia (1 part ammonia and 3 parts water) is poured over the 
precipitate and the filter is washed with hot water, and the solution 
caught in the flask in which the precipitation was effected. The 
volume of the solution should not exceed 25 cc. Eight grams of 
granulated zinc, 20 mesh, followed by 75 cc. of dilute sulphuric 
acid are added and the solution is gently boiled until reduction is 
complete. The undissolved zinc is then collected upon a glass 
wool filter and both flask and filter are washed with cold water. 
To the cold filtrate, standard potassium permanganate solution is 
added'until a slight permanent pink tint is obtained. The measure 
of the permanganate solution required multiplied by its value 
in terms of phosphorus and divided by the initial weight of the 
sample equals per cent phosphorus. 



104 Original Communications: Eighth International [vol. 

SOLUTIONS EEQTJIEED 

Acid Ammonium Sulphate 

Strong Ammonia 15 cc. 

Sulphuric Acid (1 part acid to 1 part water) 50 cc. 

Diluted to one litre. 

Standard Potassium Permanganate. Two grams potassium 
permanganate dissolved in one litre of water. One cc. equals 
approximately .0056 per cent phosphorus on a one gram basis. 
The known phosphorus of a standard steel is used as the basis 
of standardization. 

Gravimetric Method 

Weighing as Ammonium Phosphomolybdate 

One to five grams of the sample are transferred to a No. 5 
glazed porcelain dish with cover glass, 25 to 60 cc. of nitric acid 
(1.13 sp. gr.) are cautiously added, gentle heat is applied until 
the sample is completely decomposed, and the solution is then 
rapidly boiled to dryness. The temperature is raised gradually 
with final heating of the uncovered dish over the full flame of an 
Argand or Bunsen burner to the complete expulsion of the acid. 
After cooling sufiiciently to avoid danger of breaking the dish, 
30 cc. of concentrated hydrochloric acid are added, heat is applied 
until the soluble salts are dissolved, and the solution rapidly 
boiled to the first appearance of the separation of the chlorides. 
This evaporation is conducted with the same regard to the pre- 
vention of the formation of a crust upon the sides of the dish as 
in the previously described method for the determination of sul- 
phur. The dish is removed from the heat, 10 cc. of strong nitric 
acid added and heat again apphed for about one minute. Cold 
water is added to volume of about 60 cc, the solution stirred with 
a clean glass rod and filtered into a suitable flask; the residue, 
collected upon an 11 cm. filter, is washed with two per cent 
nitric acid and hot water alternately until free from iron, which 
insures also the complete removal of the soluble phosphate. 

When the iron contains titanium in amount sufficient to inter- 
fere with the precipitation of the phosphorus and an exact deter- 
mination is required, the residue of silica and graphitic carbon is 
ignited in a platinima crucible, the silica volatihzed with hydrofluo- 
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ric acid in the presence of a few drops of sulphuric acid and the 
resultant residue ignited and fused with sodiiun carbonate. The 
melt is boiled with hot water until disintegrated, the insoluble 
titanate is collected upon a filter and the soluble phosphate added 
to the main solution. 

To the clear filtrate with a volume of about 150 cc, 25 cc. of 
strong ammonia are added at once and the flask is shaken imtil 
the resultant precipitate has coagulated. The addition now of 
25 cc. of strong nitric acid renders the solution clear and furnishes 
an excess of about 10 cc. of strong nitric acid — which, it is found, 
yields a pure crystalline precipitate of the phosphomolybdate 
with no tendency to creep. The relatively large amounts of 
ammonia and nitric acid added are prescribed in the case of 5 
gram samples and are essential in that they insure a suflicient 
proportion of ammonium nitrate in the solution. It is evident 
that these additions may be decreased with smaller initial weights 
of the sample, but it will be found advantageous to maintain 
approximately the excess of 10 cc. of the nitric acid. 

With the solution at a temperature of 80° C, 50 to 75 cc. of 
the molybdate solution are introduced and the solution agitated 
for about five minutes. When the yellow precipitate has finally 
subsided, it is collected upon a previously dried and weighed 
9 cm. filter, the filter and contents are washed thoroughly with 
two per cent, nitric acid, dried for one hour in an air bath at a 
temperature of about 115° C. and weighed between watch glasses 
with ground edges and enclosed in a suitable clip. It is of course 
essential that the light weight of the previously dried paper shall 
have been obtained imder the same conditions. The increase in 
weight multipUed by 1.63 and divided by the initial weight taken 
is equivalent to per cent phosphorus. 

Weighing as Magnesium Pyrophosphate 

The yellow precipitate as above obtained is dissolved on the 
filter with hot ammonium citrate solution and the filter thoroughly 
washed with hot water, and the solution retained in a No. 
beaker. To this cold solution, 5 to 10 cc. of the magnesia mixture 
are added, the solution is well stirred and allowed to stand in the 
cold not less than three hours. The precipitate of magnesium 
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phosphate is collected upon a 9 cm. close ashless filter, washed 
with dilute ammonia, ignited at a low temperature to the dis- 
appearance of the carbon of the filter and finally for ten minutes 
at the full temperature of the blast. The weight of the magne- 
sium pyrophosphate multiplied by 27.87 and divided by the 
initial weight taken is equivalent to per cent phosphorus. 

SOLUTIONS REQUIRED 

Ammonium Citrate 

Citric Acid 50 grams 

Strong Ammonia 350 cc. 

Water 650 cc. 

Magnesia Mixture 

Magnesimn Sulphate 84 grams 

Ammonium Chloride 250 grams 

Water 665 cc. 

Ammonia . . ■ • 335 cc. 

Dilute Ammonia 

Strong Ammonia 200 cc. 

Water 800 cc. 

DETERMINATION OP MANGANESE 

Walters' Color Comparison Method 

Fifty to two hundred mg. of the sample are transferred to a 
suitable tube or flask, preferably an 8 inch by 1 inch test tube or a 
two ounce Erlenmeyer flask, 10 cc. of nitric acid (1.20 sp. gr.) 
added and heat appUed either in a water bath or on a hot plate 
until the sample is decomposed. About one-half gram of moist 
ammonium persulphate, or its equivalent solution, is added and 
the heating continued imtil the combined carbon is completely 
oxidized. If silica or graphitic carbon separate in amount sufficient 
to render it necessary, the solution is filtered into a similar vessel 
and the residue retained on a small filter. The filter and residue 
are washed with the minimum of water, or the 15 cc. of silver 
nitrate solution required for the subsequent oxidation. The silver 
nitrate is introduced either through the filter or into the unfiltered 
solution, one gram of moist persulphate is added and the heating 



i] Congress of Applied Chemistry 107 

continued until the characteristic pink tint of the permanganic 
acid is well defined. The solution is cooled, transferred to the com- 
parison tube and the color matched against a suitable standard 
which has been treated in exactly the same manner and with the 
same relative initial weight. The relative volume of the solu- 
tion as required to match the color of the standard is equivalent 
to hundredths per cent, manganese. 

Volumetric Method 

The solution of permanganic acid is transferred to a beaker or 
flask, and following the addition of 10 cc. of sodium chloride solu- 
tion, the standard sodiimi arsenite is added to the definite end 
point of the disappearance of the pink tint. The volume of the 
solution should not exceed 75 cc. If the silver is not precipitated, 
the reaction of the persulphate with the silver nitrate renders the 
endpoint somewhat fleeting and recurring. If conducted without 
delay, however, the titration may be accomphshed with perfect 
satisfaction. The end point in this case while not so permanent 
is perhaps somewhat sharper than in the presence of the chloride. 

When desired, a greater initial weight of the sample may be 
taken, the solution thereof diluted to a definite volume, the graph- 
ite and silica allowed to subside and aliquot portions withdrawn 
with a pipette. 

SOLUTIONS REQUIRED 

Sodium Chloride. Two and one-half grams sodium chloride 
to one Utre of water. 

Silver Nitrate. About 66.5 grams of silver nitrate are dissolved 
in one litre of water. Twenty cc. of this diluted to one litre affords 
a solution of which 15 cc. is equivalent to approximately .02 gram 
of silver nitrate. 

Sodium Arsenite. A stock solution is prepared by dissolving 
10 grams of C. P. arsenious acid in a boiUng aqueous solution of 
sodium carbonate (30 grams dissolved in 250 cc. of water), with 
final dilution of the cold solution to volume of one Utre. Sixty- 
two and one-half cc. of this solution are diluted to volume of one 
litre for the workingfsolution of which each cc. is equivalent to 
approximately one-tenth per cent manganese, with an initial 
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weight of two-tenths gram of the sample. The known manganese 
of a standard steel or iron is used as the basis of standardization. 

Ford's Gravimetric Method 

Five grams of the sample are transferred to a No. 5 glazed 
porcelain dish with cover glass, 75 cc. of nitric acid (1.20 
sp. gr.) cautiously added and gentle heat applied until the sample 
is decomposed, and the solution then rapidly boiled to complete 
dryness. The residue is baked a short time at a moderate tempera- 
ture. The dish is cooled, 35 cc. of strong hydrochloric acid are 
added and heat is applied imtil the soluble salts dissolve. Cold 
water is added to approximately 60 cc, the solution is filtered into 
a No. 5 beaker and the residue caught on an 11 cm. filter and 
washed with the least amount necessary of hot dilute hydrochloric 
acid and cold water alternately, to the disappearance of the soluble 
metallic salts. The filtrate is boiled to low bulk, cooled, 50 cc. 
of strong nitric acid are added and the solution is again boiled 
down to low bulk. The evaporation is repeated with successive 
portions of nitric acid to the complete expulsion of the hydro- 
chloric acid and with conversion of the chlorides to their corre- 
sponding nitrates; the evaporation at this point is carried to the 
first indication of the separation of the nitrates as observed in 
the formation of a small nucleus of scum floating on the surface 
of the solution. After the solution has cooled somewhat, 75 cc. 
of strong nitric acid are added and the solution is again brought 
to the boiling point. To the boiling solution, crystals of potassium 
chlorate (five grams will be found sufficient) are cautiously added 
in small portions from a glass spoon, and the solution is boiled 
for five minutes. 

The solution is allowed to cool before filtering. Filtration is 
effected through the medium of an asbestos plug held in a carbon 
filtering tube. The asbestos is prepared for use by heating with 
aqua regia to remove soluble lime salts and the plug is washed 
with strong nitric acid before using. The precipitated manganese 
dioxide on the filter is then washed with successive additions of 
strong nitric acid (free from nitrous fumes) to the practical elimi- 
nation of the iron; the acid is added first to the beaker and trans- 
ferred from thence to the filter. After the final washing, suction 
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is continued until the plug is practically dry, when the rubber 
stopper carrying the filter is transferred to a clean flask. The 
filtering tube is filled with one per cent solution of ammonium 
bisulphite and allowed to stand about one minute, suction is then 
applied, successive portions of the bisulphite solution being added 
until the last trace of manganese dioxide is dissolved; the soluble 
manganese salt is finally washed from the asbestos filter with hot 
water. The solution is transferred to a No. 4 beaker or, if pre- 
ferred, retained in the flask, 10 cc. of strong nitric acid added 
and the excess of the bisulphite decomposed by boiling. The 
manganese dioxide could be dissolved perhaps more conveniently 
by means of hot hydrochloric acid, but the use of the bisulphite 
solution obviates the possible danger of contamination by traces 
of soluble lime or magnesia, which in some grades of asbestos 
seem to be in evidence notwithstanding numerous successive treat- 
ments with the hot acid. 

The solution is cooled somewhat and ammonia is added to the 
point of a faint permanent precipitate, followed by the addition 
of 15 cc. of a twenty per cent solution of ammonium acetate. 
The solution is boiled two minutes, filtered into a No. 5 beaker 
and the precipitate of the basic acetate of iron collected on an 11 
cm. filter. The beaker or flask and the filter are washed twice 
with hot water, the precipitate is dissolved with hot dilute nitric 
acid and the solution returned to the vessel in which the precipi- 
tation was effected. The filter is washed with hot water until 
free from iron and the basic acetate precipitation and subsequent 
filtration repeated. 

To the combined filtrates 5 cc. of glacial acetic acid are added 
and the solution is again brought to the boiling point; the cover 
glass is removed, 10 cc. of a ten per cent solution of ammonium 
or sodium phosphate added, and with the solution still at the 
boiling point and with constant stirring, strong ammonia is added 
to the first appearance of an incipient opalescence. The stirring 
is continued until the opalescence has developed into the charac- 
teristic crystalline precipitate, at which point the addition of the 
ammonia is continued, drop by drop and with constant stirring, 
until the total of 25 cc. has been added. 

The precipitate is filtered at once upon an 11 cm. ashless 
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filter and washed with dilute ammonia water (two per cent) 

until free from soluble salts. The filter and residue are ignited in 

a weighed porcelain or alundum crucible at a low temperature 

until the paper is burned off, and finally at a somewhat higher 

but still moderate temperature for ten minutes. 

Residual weight x 38.69 ^^ /-, ^ ■««• 
^ =rer Cent Manganese. 

Determination of Total Carbon 
Direct Combustion Method 

The direct combustion of the carbon of iron or steel and their 
various alloys is fast coming to supersede the more tedious wet 
method. Certain Umitations of this most excellent method, how- 
ever, are to be noted. The inherent difficulty of successfully 
burning particles of steel of too great mass is apparent. Certain 
samples of both iron and steel or their alloys have been encountered 
of such a character as to necessitate the intimate admixture 
therewith of a finely divided metallic oxide, or, in the case of certain 
irons, fine drillings of low carbon steel to assist in the oxidation. 
The powder of the crushed test of white iron requires a somewhat 
longer time for complete combustion than the drillings from the 
test of gray iron but with proper care may be btirned with perfect 
satisfaction. An essential requirement in the conditions of the 
method is the close control of the temperature which should 
approximate a constant of 1000° C. and should not fall below 
960 C. A pyrometer couple will be found convenient in control- 
ling the temperature. 

The combustion is conducted preferably in a fused quartz 
tube in either an electric or suitable gas-fired furnace. A platinum 
tube may be used but is subject to damage from possible splashing 
of the oxidized metal and is, moreover, much more expensive 
than the quartz. The use of htharge or other volatile and easily 
reducible oxides is, of course, prohibited in the platinum tube. 
The quartz tube is 24 inches long by three-quarters inch or seven- 
eighths inch inside diameter, free from seams and selected of vmi- 
form diameter. Platinized asbestos, which may be secured at 
either end by short plugs of platinum gauze, is inserted for a space 
of five or six inches in the tube immediately following the position 
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to be occupied by the boat. The rubber stopper at the end of 
the tube may be protected by the insertion of a removable plug 
of asbestos conveniently enclosed in a thin roll of platimmi gauze. 
Platinum, nickel, alundum, porcelain or clay boats may be used. 
The dimensions, three to three and one-half inches long, by one- 
quarter inch deep, one-half inch wide at the bottom, flaring to 
five-eighths inch at the top, all inside measurements, will be found 
convenient. Suitable furnaces for either direct or alternating 
current, with transformers, rheostats, etc., to suit the individual 
requirements may be obtained of the trade. 

The oxygen from the high pressure cylinder under control of 
the reducing valve is purified by passing through caustic potash 
solution of 1.27 sp gr. contained in washing bottles, preferably 
two arranged in tandem. A glass tube of convenient form and 
size, filled with granulated zinc, may be connected to the exit 
end of the combustion tube to retain possible fumes of sulphuric 
anhydride formed in the combustion of high sulphur irons. When 
the potash absorbent is used, a calcivun chloride drying tube pre- 
ceding the bulb or bottle is necessary. 

Factor weights may conveniently be used in the direct combus- 
tion as follows: For the potash absorption and weighing of the 
bulb, .2727 gram or .5454 gram, where each one-tenth mg. gain 
in weight of the bulb is equivalent to .01 per cent or .005 per cent 
carbon respectively. For the barium hydrate absorption, with 
ignition of the barium carbonate, .304 gram or .608 gram, where 
each one-tenth mg. of the weight of barium carbonate is equiva- 
lent to .002 per cent and .001 per cent carbon respectively. 
For the titration methods it is convenient to employ for the initial 
weight even gram multiples, preferably 250 mg. to 500 mg. 

One-quarter or one-half gram or the suitable factor weight 
of the sample is transferred to the boat. The boat is partially 
filled with ignited alundum depressed in the center in the form of 
a V about one inch in length, and in which the sample is spread 
in a compact mass. This intimate contact of the particles of 
iron conserves the heat for the continuous combustion of the 
carbon. The weighed potash container or the Meyer bulb tube, 
to which has been added 80-100 cc. of the barium hydroxide solu- 
tion or 50 cc. of the standard potash solution, is connected with 
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the tube and the boat is carefully pushed to its position in the 
center of the heat zone. The stopper of the tube is replaced and, 
with all connections tight, the ciurent of oxygen is started at a 
rate approximating a continuous bubbling, as observed in the 
purifying solutions. It is essential that the tube should have 
acquired the maximum temperature before the introduction of 
the boat, a condition which will naturally obtain in the case of a 
continuous routine of combustion. 

The first indication of the oxidation is observed in the sudden 
decrease of the bubbling of the oxygen through the absorption 
vessel. As the rate decreases the flow of oxygen is somewhat 
accelerated \mtil the conclusion of the oxidation process as indi- 
cated by the recurrence of the rapid flow through the exit; the 
flow of oxygen is then reduced to the normal rate which is main- 
tained for ten minutes to insure the complete oxidation of all the 
carbon and the final absorption of the resultant carbondioxide. 
The absorption vessel is disconnected, the cmrrent of oxygen dis- 
continued and the analysis concluded by either weighing the 
potash bulb; titrating the standard solution of caustic potash; 
filtering, igniting and weighing the precipitated barimn carbonate; 
or titrating the excess of the barium hydrate solution with a weak 
solution of hydrochloric acid and without prehminary filtration. 

BY INCREASE OP THE WEIGHT OP THE POTASH BULB OR BOTTLE 

The perfectly clean and dry bulb or bottle is at once weighed. 
The increase in weight as noted in connection with the initial 
weight of the sample is corrected to per cent carbon. 

The potash container is prepared for use by carefully introducing 
the required volume of the solution, connecting with the apparatus 
and passing a current of oxygen through the hot combustion tube 
to the complete displacement of the air in the container. The 
vessel is disconnected and at once weighed. The weight so ob- 
tained furnishes the light weight for the succeeding combustion. 

TITRATION OP THE CAUSTIC ALKALI 

The absorption in this case is effected in a Meyer bulb tube 

containing 60 cc. of the potash solution, accurately measured. 

he contents of the tube are transferred to a flask, the tube is 
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cleansed with freshly boiled water, three drops of the phenol- 
phthalein solution are introduced and dilute hydrochloric acid 
(one part acid to one part water) carefully added until the color 
bepns to fade. The more dilute standard acid is then added until 
the addition of one drop just discharges the pink tint. The 
excess alkaU which has not entered into combination with the 
carbon dioxide has now been neutralized and the solution is 
ready for the actual titration. One drop of the methyl orange or 
methyl red solution is added and the standard acid added in 
successive portions until the addition of one drop causes the charac- 
teristic change from the yellow to the rose tint in the solution. 
The measure of the acid required for this titration minus the equiv- 
alent required in the blank titration and multiplied by the carbon 
value of the solution equals per cent carbon. 

If preferred, the titration may be conducted with the phenol- 
phthalein indicator, the measure of the standard acid required 
to discharge the pink tint being deducted from the blank equiva- 
lent and calculated to per cent carbon as above. This method, 
however, would not appear to offer any advantage over the other 
and obviously requires more of the standard acid. 

The blank equivalent is established by passing the oxygen 
through the hot combustion tube and into the measured volume 
of the absorbent solution with final titration as outlined above. 
The carbon value of the acid solution is established by titration 
of the measured volume of the potash solution following the 
combustion of a standard steel. Additional confirmation may 
be had by titrating against a standard solution of sodium car- 
bonate. The use of sodium oxalate in this connection is recom- 
mended. 

SOLUTIONS REQUIRED 

Standard Acid, one-sixth normal. Fifteen cc. hydrochloric acid 
(1.20 sp. gr.) diluted to one litre. 

Caustic Potash, one-sixth normal. Nine and one-half grams 
diluted to one litre. This solution need not of necessity be abso- 
lutely one-sixth normal. 

Phenolphthalein. One gram dissolved in one litre of ethyl 

alcohol. 
Methyl Orange. One gram dissolved in one Utre of water. 
Methyl Red. One gram dissolved in one litre of ethyl alcohol. 
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FILTRATION AND IGNITION OF THE BARIUM CARBONATE 

The bulb tube is detached from the train, the index finger of 
the left hand being simultaneously placed over the e.M end in 
order to prevent the solution from flowing back in the tube. 
The solution is filtered through an 11 cm. ashless filter, the filter 
and precipitate are washed with freshly boiled water (six good 
washings will be foimd suflScient), ignited in a weighed platinum 
crucible at a moderate temperature to the disappearance of the 
carbon of the filter and finally at a good full heat for five minutes. 
The weight of the barium carbonate multiplied by 6.08 and 
divided by the weight taken, or with correction in agreement 
with the initial factor weight, is equivalent to per cent carbon. 
The solution and precipitate are transferred to the filter either 
by way of the bulb entrance with control of the flow by the index 
finger upon the open exit end of the tube or by control with the 
thumb placed over the bulb entrance with the solution poured 
through the exit end. The precipitate may be readily removed 
by shaking the tube after successive additions of the water. The 
washing is conducted as thoroughly and expeditiously as possible 
and care is exercised to avoid the passage of air unduly through 
the filter. 

TITRATION OF THE EXCESS BARIUM HYDROXIDE 

The bulb tube is detached as before, the solution and precipitate 
are transferred to a twelve ounce Erlenmeyer flask, and the tube 
thoroughly washed with freshly boiled water. Three drops of 
the indicator solution are introduced and the standard hydrochloric 
acid is added in successive small portions, while the flask is shaken, 
to the disappearance of the pink tint. The agitation of the solution 
insures the recovery of any carbon dioxide liberated upon the 
addition of the acid. The equivalent of the acid required in a 
preliminary blank titration minus the measiu-e required in the 
actual titration, multiplied by the factor of the solution as de- 
termined by frequent combustions of a standard steel and in 
agreement with the initial weight of the sample, is equivalent to 
per cent carbon. 
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SOLUTIONS REQUIRED 

Standard Hydrochloric Add. Eight cc. of strong hydrochloric 
acid diluted to one litre. Freshly boiled water should be used in 
making up the solution. One cc. of this solution is equivalent to 
approximately .05 per cent carbon on a one gram basis. 

Barium Hydroxide. Twenty grams of barium hydroxide 
crystals are dissolved in one litre of hot freshly boiled water and 
the flask covered and set aside to cool. When the solution has 
reached the room temperature, it is filtered as rapidly as possible 
through a 25 cm. filter into the container. The solution is pref- 
erably withdrawn from the container by means of an overflow 
pipette in conjunction with a suitable guard tube filled with soda 
lime or caustic potash solution. 

Phenolphthdlein. One gram dissolved in one litre of ethyl 
alcohol. 

Solution and Combustion Method 

The conditions involved in the operation of this method admit 
of the employment of a greater initial weight of sample than in 
the previously described Direct Combustion Method. 

One gram, or if the barium hydroxide absorbent is to be used, 
a ten factor weight (.608 gram) of the sample is transferred to a 
No. 2 beaker or four ounce Erlenmeyer flask; 100 cc. of the solution 
of copper and ammonium chloride or the potassium salt are added 
and the covered beaker is placed on a suitable stirring machine 
or stirred by hand, at a temperature of 60 to 70° C. until in solu- 
tion; or, if a flask is used, it is placed on a shaking machine or closed 
with a clean rubber stopper and shaken by hand until solution is 
complete. 

The carbonaceous residue is collected upon a filter of purified 
ignited asbestos made up in a perforated platinum boat, Gooch 
crucible or other suitable form of holder. The residue is washed 
by decantation with dilute hydrochloric acid to the disappearance 
of color in the washings, then transferred to the filter and washed 
with cold water until the acid is completely removed. Preliminary 
drying of the residue is not essential in routine work, but where 
the refinement of accuracy is desired, it is recommended that the 
residue be dried in a hot air or steam bath at a temperature of 
100° to 105° C. The residue is ignited in a platinum or silica tube, 
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combustion crucible or other form of apparatus and in an atmos- 
phere of pure oxygen or air free from carbon dioxide. The appa- 
ratus and the subsequent treatment of this carbonaceous residue 
may conveniently conform to the description of the method by 
direct combustion, and the final measure of the carbon established 
by any of the several optional methods therein described. 

SOLUTIONS BEQUIRED 

Copper and Ammonium Chloride. Three hundred grams of 
the pure salt are dissolved in one litre of boiUng water. After 
cooling, 60 cc. of strong hydrochloric acid are added and the 
solution is filtered through a purified asbestos plug into the con- 
tainer. 

Copper and Potassium Chloride. One pound dissolved in one 
litre of water, as above, with subsequent similar treatment. 

Caustic Potash. (1.27 sp. gr.). Three hundred grams dissolved 
in one litre of water. 

DETERMINATION OF GRAPHITIC CARBON 

One gram or the ten factor weight (.608 gram) is transferred to 
a No. 2 beaker or a four ounce Erlenmeyer flask, 40 cc. of nitric 
acid (1.13 sp. gr.) added and gentle heat apphed until solution is 
complete. The solution is then boiled for a few minutes, the 
residue is collected upon a suitable asbestos or paper filter, washed 
alternately with hot dilute hydrochloric acid and water until free 
from iron and finally with hot water until free from acid. If the 
filtration has been conducted through asbestos filter, the residue 
may be washed with hot caustic potash solution (1.10 sp. gr.) 
to remove separated siUca. If preferred, a few drops of hydro- 
fluoric acid may be added to the acid solution to dissolve the 
silica which might otherwise interfere with the filtration. 

The analysis may be concluded in either of the following optional 
ways: 

First. The graphitic residue is collected upon a suitable filter, 
washed with dilute hydrochloric acid and water and ignited in 
the combustion apparatus, and the measure of the graphitic 
content established as in the case of total carbon. It will be 
found convenient in this case to use the ten factor weight of the 
sample. 
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Second. The filter and graphitic residue are placed in a crucible 
and dried to constant weight at a temperature of 110° C, then 
ignited until the graphitic carbon and the filter paper are com- 
pletely oxidized and again weighed. The loss in weight minus 
the weight of the filter paper when used and multipHed by one 
hundred is equivalent to per cent graphitic carbon on a one 
gram sample. 

DETERMINATION OF COMBINED CARBON 

Indirect Method 
The per cent graphitic carbon as found above subtracted from 
that of the total yields the measure of the combined carbon. If 
desired, a direct estimation of the combined carbon may be con- 
ducted by the color comparison method. 

Color Comparison Method 

The relatively exact chemical characteristics and preliminary 
heat treatment of the test piece and standard are universally 
recognized as fundamental bases of accuracy in the determination 
of the combined carbon of iron or steel by the color comparison 
method. The universal and continued use of this most convenient 
method in the analysis of steel products attests its efficiency 
within the close limits of control possible of attainment in the 
preparation of the steel standards. The application of the method 
to the determination of the combined carbon of the various grades 
of iron is much more limited owing to the larger and varying 
content of manganese and sulphur, the principal disturbing chemi- 
cal factors affecting the color of the solution to be compared. It 
is apparent, however, that with a judicious selection of standards 
and careful control of all factors involved, the color comparison 
method may be appHed to the determination of the combined 
carbon content of iron with a quite reasonable degree of accuracy. 

The method of procedure as recommended is as follows: One 
gram of the sample is transferred to a dry clean beaker, flask or 
tube, as desired. In the presence of graphitic carbon, the use of 
a magnetized spatula or wire in weighing off the sample is, of 
course, prohibited. Thirty cc. of nitric acid (1.20 sp. gr.) are 
added and heat is applied until the sample i s decomposed. Graphi- 
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tic carbon and silica are removed by filtration, and the filtrate 
retained in a 100 cc. graduated flask or cylinder. The filter is 
washed with cold water to the disappearance of color; the solution 
is diluted to volume, thoroughly mixed, and 10 cc. withdrawn 
with a pipette and transferred to the comparison tube. The 
color is then compared with the color of the solution of a standard 
iron in a similar tube and which has been treated in exactly the 
same manner and with the same relative initial weight. The simple 
calculation involved in the relative volmnes of the two solutions 
yields the per cent carbon in the sample. 

A convenient ahquot portion of the above solution may be em- 
ployed for the determination of manganese by the persulphate 
color method. 

DETERMINATION OF TITANIUM 

Five grams of the sample are transferred to a No. 5 glazed 
porcelain dish or to a No. 4 beaker, with cover glass; 50 cc. of strong 
hydrochloric acid are added and the sample is digested until 
completely decomposed. Practically all of the titanium is said 
to remain insoluble with the silica and graphitic carbon. The 
insoluble residue is collected upon an 11 cm. filter, washed a few 
times with hot water, ignited in a platinum crucible and the 
sihca volatilized with hydrofiuoric acid in the presence of a few 
drops of sulphuric acid. The residue is then carefully ignited to the 
complete expulsion of the hydrofluoric acid, which if retained 
prohibits the subsequent colorimetric determination of the 
titanium. 

Should it be desired to determine the usually quite negligible 
amoimt of titanium in the filtrate from the insoluble residue, it 
is recovered as foUows: The filtrate in a No. 5 beaker is diluted 
to 250 cc. and strong ammonia added to the first appearance of 
a precipitate which slowly dissolves upon stirring. Dilute am- 
monia (two per cent) is added to a faint permanent precipitate, 
which is then dissolved by the addition of 15 cc. of a ten per cent 
solution of hydrochloric acid. The precipitate thus formed should 
dissolve rather slowly following vigorous stirring of the solution. 
One hundred cc. or more of a twenty per cent solution of sodium 
hyposulphite are added and the solution in the beaker is stirred 
until the iron is completely reduced and the free sulphur begins 
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to separate. The solution is then boiled for ten minutes and the 
precipitated titanic acid allowed to subside and collected upon an 
11 cm. filter. The filter and precipitate are washed free from solu- 
ble salts with dilute acetic acid (two per cent) and ignited in the 
crucible containing the ignited residue from the previously con- 
ducted volatilization. 

The combined residues are fused with four grams of sodium 
carbonate, the melt is disintegrated by boiling with hot water, 
and the insoluble sodium titanate is collected upon a 9 cm. filter 
and washed with hot water containing a little sodium carbonate. 
Hot dilute sulphuric acid is added to the crucible which is then 
heated until the titanate is completely dissolved. The filter is 
spread upon the bottom of a No. 2 beaker, the contents of the 
crucible transferred thereto, and the crucible washed thoroughly 
with hot water. The beaker is then heated imtil the titanium salt 
dissolves, when the paper is removed and its burden of titanium 
sulphate returned to the beaker by washing with hot water. The 
solution is then transferred to the color comparison tube or if 
necessary to a graduated flask and aliquot portions taken. Shreds 
of filter paper which may be observed in the solution are removed 
by filtration. 

In the color comparison, 5 cc. of C. P. hydrogen peroxide are 
added to the solution in the comparison tube and the solution is 
diluted to a volume yielding a color convenient for the subsequent 
comparison. A color equivalent to .005 gram of titanium in 100 
cc. of solution will be found convenient. Water acidified with 
dilute sulphuric acid (equal parts acid and water) is then added 
to the standard tube to a volimie allowing of subsequent necessary 
increase, 6 cc. of the hydrogen peroxide is added and the standard 
titanium solution added from a graduated burette in successive 
small additions until the colors agree. The measure of the standard 
solution required multiplied by its value in terms^of titanium^and 
corrected to agreement with the initial volume and weight is equiv- 
alent to per cent titanimn. If the color of the solution yielded 
by a convenient weight of the sample is of insufficient depth for 
an accurate comparison, adjustment may be made as follows: 
A measured volume of the standard titanium solution, sufficient 
to furnish the required depth of color is added to the solution being 
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tested and the comparison conducted as above described. The 
volume of the standard solution required in the comparison minus 
the equivalent previously added to the test solution is calculated 
to per cent titanium. The volimie of the two solutions must, of 
course, be identical in the final comparison. 

In preparing the standard titaniimi solution 1.05 grams of ignited 
C. P. titanic acid are fused with ten grams of sodiima carbonate. 
The melt is digested with 100 cc. of hot water to the complete 
solution of the soluble alkali which is then filtered from the insolu- 
ble titanate. The residue of sodium titanate is washed with hot 
water containing a little sodium carbonate and dissolved from the 
filter with 100 cc. of dilute sulphuric acid (equal parts acid and 
water) and the solution diluted to one htre. The titanium equiva- 
lent of this solution is ascertained by igniting and weighing the 
precipitated titanic acid of an aliquot portion following a separation 
with sodium hyposulphite as previously described. The ignited 
salt will be foimd to contain approximately 95.6 per cent titanic 
acid. One cc. of the solution in the above proportion will there- 
for contain 0.6 mg. of titanium. 

A gravimetric determination of the titanium in the iron may be 
conducted in the same manner, but inasmuch as in the colorimetric 
method the titanic acid as separated need be only relatively free 
from contamination by occluded salts, it is apparent that the latter 
method may be used to advantage, especially where many such 
determinations are required. 

iDETEHMlNATION OF COPPEE 

Gravimetric Method 
Five grams of the sample are transferred to a glazed porcelain 
dish, 65 cc. of nitric acid (1.20 sp. gr.) are added and the covered 
dish is heated until solution is practically complete. Twenty- 
five cc. of dilute sulphuric acid (equal parts acid and water) are 
then added and the solution is evaporated to fumes of sulphuric 
anhydride. Ten cc. of the dilute sulphuric acid followed by 60 
cc. of hot water are added, the residue is heated until in solution, 
and the solution is filtered into a No. 4 beaker and the filter washed 
with hot water. The filtrate is diluted to 300 cc, heated to boiling 
and, with the addition of 25 cc. of concentrated ammonium bisul- 
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phite solution, the boiling continued to the complete reduction 
of the iron. Thirty cc. of a twenty per cent solution of sodium 
hyposulphite are then added and the boiling is continued for five 
minutes or imtil the precipitated copper sulphide has coagulated. 
The precipitate is collected upon an ashless 11 cm. filter, washed 
with dilute nitric acid (two per cent) and hot water, carefully 
ignited and weighed. The weight of the copper oxide as noted, 
multiplied by sixteen (80 divided by 5) equals per cent copper. 
Too great a temperature in the ignition causes the copper oxide 
to fuse on the crucible. As the copper oxide is somewhat hygro- 
scopic, as are also some porcelain crucibles, less error is encountered 
by igniting in platinirai. 

The ignited copper oxide carries with it traces of contaminating 
iron. If it be desired to correct this usually negligible error, the 
impure oxide is dissolved in the crucible with 10 cc. of strong nitric 
acid, the solution transferred to a No. 2 beaker and diluted to 
100 cc; the iron is then removed by an ammonia precipitation. 
The precipitate so obtained is collected upon a 9 cm. filter, washed 
with hot water, ignited in the crucible in which the previous igni- 
tion was conducted and the weight of ferric oxide noted. This 
weight is deducted from the weight of the impure copper oxide 
and the correction applied. 

Volumetric Method 

The nitric acid solution of the impure copper oxide in the No. 
2 beaker obtained as above described, is rapidly evaporated to the 
removal of the bulk of the free acid, and the solution diluted with 
cold water to volume of 150 cc. Strong ammonia is then added 
from a burette imtil the addition of a final drop causes the perma- 
nent blueing of the solution, after which there is added by means 
of a pipette six drops of acetic acid. Ten cc. of a forty per cent 
solution of potassium iodide are added and the standard sodium 
hyposulphi^ solution is run in imtil the color of the liberated 
iodine has ahnost disappeared. Ten cc. of the starch solution are 
now added and the addition of the standard sodium hyposulphite 
solution is continued to the final disappearance of the blue. The 
number of cubic centimeters of the standard solution required 
multipUed by its value^in terms of copper and divided by five equals 
per cent copper in the sample. 
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The value of the standard hypo solution is determined by titra- 
tion of a solution of pure copper or by titrating the solution of a 
steel of known copper content. The apparent large excess of the 
potassium iodide employed is because of its relation to the final 
endpoint in the titration, the sharpness thereof decreasing in 
proportion as the excess of the iodide is decreased; the presence 
of ammoniimi salts in the solution also tends to lessen the per- 
manency of the endpoint, hence, the necessity for the prehminary 
evaporation of the acid solution. 

If necessary, the time required for the volumetric determination 
may be materially lessened by initial solution of the sample in 
50 cc. of dilute sulphuric acid (one part acid to one part water), 
and the evaporation to dryness and filtration from the siliceous 
residue omitted. The iron in this case not being oxidized, the 
boihng with the ammonium bisulphite is also omitted. The copper 
oxide so obtained is contaminated to a greater degree by occluded 
iron, which if it be present in the final titration is prejudicial to a 
satisfactory endpoint. This iron is, however, readily removed 
by filtration following the evaporation of the nitric acid solution 
previous to the addition of the ammonia. It is apparent also, 
that following the nitric acid solution of the sample, the preliminary 
treatment with ammonium bisulphite in the gravimetric method 
may be dispensed with, as the reduction may be accomplished by 
the addition of a sufficient excess of the sodium hyposulphite 
solution at the time of the precipitation of the copper sulphide. 
The precipitate formed under such conditions, however, carries 
an unduly large burden of separated sulphur, the presence of which 
would appear vmdesirable. 

SOLTJTIONS HEQUIEED 

Standard Sodium Hyposulphite. Eight grams to one litre. One 
cc. is equivalent to approximately .002 gram copper. 

Starch Solution. The solution as used in the volumetric deter- 
mination of sulphur. 



ANALYSE DE L'ACIDE VANADIQUE COMMERCIAL 

Note PRfesENT^E par G. Chesneau 

Professeur d'analyse min^rale et Diredeur du Bureau d'Essais 

de I'Ecole des Mines de Paris 

L'industrie mini^re livre actuellement par tonnes aux m6- 
tallurgistes de I'acide vanadique destin6 k la fabrication du 
ferrovanadium it des nombreux alliages vanadif^res de plus en 
plus employes dans les constructions m^caniques. Ces acides 
vanadiques commerciaux contiennent environ 15 A 20% d'im- 
puretfe provenant soit des minerals (oxydes de fer, de manganese, 
alumine, silice, arsenic, phosphore, etc., soit des r^actifs 
employes dans le traitement (notamment de la soude qui est 
entrain^e en quantity considerable avec I'acide vanadique, lor- 
sque celui-ci a 6t6 obtenu au moyen de vanadate sodique pro- 
duit par fusion du mineral avec du carbonate de soude). Si I'- 
acide vanadique a 6t6 simplement dess6ch6, il est facilement 
attaquable par les acides et 1 'analyse ne pr^sente pas d'autres 
difficult^s que celles, d'ailleurs tr6s grandes, des separations 
habituelles du vanadium d'avec les autres elements; mais, comme 
11 contient alors pr^s de 10% d'eau les fabricants d'acide van- 
adique trouvent preferable en general de le calciner pour le ren- 
dre anhydre, de faQon k augmenter sa teneur en acide vanadique 
pur et k le rendre directement utilisable dans les traitements 
metallurgiques. Or, une fois calcine, I'cide vaanadique commer- 
cial n'est plus que partiellement attaque par les acides, et son 
analyse complete off re alors de grandes difficultes: 11 me parait 
done interessant de faire connaltre la methode k laquelle m'a 
conduit leur etude. 

1. Humiditi; perte au feu. L'himiidite se determine sur 1 gr. 
chauffe k 120° et la perte au feu sur la mSme prise d'essai, cal- 
cinee au rouge au moufle en capsule de platine taree; il peut y 
avoir gain au lieu de perte au feu, si le produit commercial a ete 
chauffe en atmosphere reductrice ou en presence de corps re- 
ducteurs, ayant donne des oxydes inferieurs du vanadium. 

123 
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2. Acidevanadique; silice;fer; manganese; chaux;magn6sie. 1 gr. 
du produit bien pulv^ris6 est fondu en creuset de platine avec 
2 £b 3 gr. de carbonate de sonde m61ang^ de 1/10 de nitre. La 
masse refroidie est reprise par I'eau bouillante: V2 Os, Si O2 
et AI2 O3 passent en solution, tandis que les oxydes de fer et de 
manganese restent insolubles avec les carbonates de chaux et 
la magn&ie. 

Le r^sidu insoluble lav6 sur filtre est redissous par I'acide chlor- 
hydrique et analyst par les m^thodes habituelles; le paroxyde 
de fer obtenu et le filtrat final de la magn^sie contieiment quel- 
ques milligrammes d'acide vanadique entrMn^: on reprend le 
peroxyde de fer par fusion au carbonate de sonde 6t lessivage 
k I'eau chaude qu'on rajoute aprSs 1 'avoir audifide par I'acide 
azotique, au filtrat de la magnesia 6galement audifi^, on concentre 
et dans la liqueur r6duite k un petit volume on dose colorim^t- 
iquement k I'eau oxyg6n6e cette trace d'acide vanadique. 

La solution alcaline contenant V2 Oe Si O2 et AI2 O3 est audi- 
Me par 1 'acide azotique 6vapor6e k sec pour insolubiliser la silice, 
puis reprise par I'acide azotique; on filtre la silice puis le filtrat 
est rendu faiblement ammoniacal et chauff^; s'il se produit un 
pr6cipit6 d'alumine (ou de PO4 Al et ASO4 Al) on le filtre cal- 
cine et pfee puis y dose conune-ci dessus colorim^trique ment 
les traces de V2 Os entrain^. 

Dans le filtrat ammoniacal bouillant on pr^cipite I'acide van- 
adique au moyen du nitrate de baryiun par la m6thode de A. 
Carnot^ dormant le corps V2 Os 2B a C qui calcin6 contient 
37, 24% de V2 O5. Le pr6cipit6 n'est pas il est vrai rigoureuse- 
ment complet mais cette m^thode offre ainsi que je I'ai constats, 
le trfes grand avantage sur d'autres vanadates plus insolubles 
que le corps obtenu a une composition bien constante et que 
la m6thode n'ayant introduit dans la solution que des sels in- 
colores il est tr^s facile apres avoir concentr6 et acidifi^ la li- 
queur d'y doser colorim6triquement k I'eau oxygln^e les quel- 
ques milligrammes de V2 O5 rest^s en solution. 

Du poids de vanadate de baryum obtenu, on doit, le cas 6ch- 
6ant, retrancher sous forme de phosphate et d'ars^niate de baryiun 

'Comptes-rendus de rAcad^mie des Sciences de Paris, t. 104, p. 1803; 
1887. 
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trim^tallique les quantit^s correspondant aux teneurs de Pj O5 
ct As2 Os obtenues plus loin (et d^passant celle qui a pu 6tre en- 
train^c par I'alumine pr6cipit6e ci-dessus). 

3. Sonde. La soude est dos6e ais^ment par la m6thode 
classique de Lawrence Smith} sur 1 gr. mais en ayant soin 
d'ajou ter au melange de carbonate de chaux (8 gr.) et de chlor- 
hydrate d'ammoniaque (1 gr. ) 3 gr. de carbonate de baryum 
pour retenir s<irc'ment I'acide vanadique dans le r^sidu insoluble; 
on obtient ainsi du chlorure de sodium pur et des filtrats sans 
trace appreciable d'acide vanadique. 

4. Arsenic et phosphore. On fait fondre 5 gr. du produit avec 
10 gr. de carbonate de soude la masse est reprise par I'eau bouil- 
lante, on acidifie par HCl, traite k froid par SO2 pour r<5duire 
I'acide ars6nique k I'^tat ars6nieuxj chasse SOj par la chaleur, 
puis fait passer k froid un courant d'hydrog^ne sulfur^ et dose 
enfin I'arsenic dans le pr6cipit6 par les m^thodes ordinaires. 

Le filtrat, bouilli pour expulser H2 S, est traits par 2^3 cmc. 
d'acide sulfurique pur, puis concentr6 k chaud jusqu'^ fum^es 
blanches de SO4 Hj pour expulser HCl; on a sinsi un petit volume 
de liqueur bleue contenant le vanadium k I'^tat d'acide hypo- 
vanadique, auquel on ajoute son volume de r^actifmolybdique 
et quelques grammes de nitrate d'ammoniaque puis chauffe 
2 h. k 40°: Comme k cette temperature I'acide hypovanadique 
n'est oxyde que tr^s lentement par I'acide azotique etendu, 
tout le phosphore est pr^cipite sans que la liqueur cesse d'etre 
bleue et le pr^cipit^ de phosphomolybdate d'ammoniaque n'en- 
traine pas de quantit^s appr^ciables d'acide vanadique. 

Cette methode appliqu^e k im 6chantillon d'acide vanadique 
commercial, pr61ev6 sur un millier de kilogrammes, m'a donn6 
les r6sultats suivants: 

Pour 100: 
Acide vanadique (Va Ob) 84,9 

Soude (NasO) 9,6 

Peroxyde de fer (FejOs) 3,9 

Oxyde de mangan&e (MnjOi) 0,2 

Chaux (CaO) 0,6 

'American Journal of Science and Art, t. 1, p. 269; 1871. 
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Magnfeie 

Silice (SiOa) 

Acide ars^nique (AsjOe) 

Acide phosphorique (PzOs) 

Humidity 


Total: 
tion 


Pour 100:' 
traces 
0,5 
0,65 
0,02 
0,2 


Gain k la calcinal 


100,57 
0,3 



APPARATUS FOR THE EXAMINATION AND STUDY 

OF THE BEHAVIOR OF VALVE AND CYLINDER 

OILS AND OTHER PETROLEUM LUBRICATING 

OILS IN SATURATED AND SUPERHEATED 

STEAM, CARBON DIOXIDE, AIR 

AND OTHER CASES 

Bt p. H. Conradson 
Chief Chemist, GalenorSignal Oil Company, Franklin, Pa. 

The introduction of highly superheated steam in locomotive 
and stationary engine practice has brought about the necessity 
of adding tests to the ones usually made of cylinder oils, whether 
straight petroleum stock, or the mixture of same with smaller or 
larger amount of saponifiable fats. 

The writer has constructed and used an apparatus for some 
time, in the investigation of cylinder oils suitable for the lubri- 
cation of valves and cylinders, in connection with the use of 
highly superheated steam in locomotive service. 

The apparatus consists essentially as follows (See the photo- 
graphic cut): 

A — Small steam boiler with gas, steam gauge and pipe coimec- 
tions. 

B — Superheater with armored thermometer "T" and steam 
connections (a small circulating water heater with double copper 
coils, answers very well). 

C — Slight feed lubricator with connections. 

D — Steam vessel (a conical cast iron retort for distilling mercury, 
about 95 mm. deep and about 75 nam. in diameter at top provided 
with two strong screw clamps to keep the lid tight, answers very 
well) surroimded on the outside as indicated in the photographic 
cut by a coil of copper pipe 5 to 6 nam. inside diameter, for further 
heating of the steam and gases used in the tests: this coil is tapped 
into the bottom of the steam vessel containing, upon a suitable 
support, a dish about 25 cc. capacity (in ointment box about 5 
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mm. in diameter, 18 to 20 mm. high) into which the oil to be ex- 
amined either is fed drop by drop from the sight feed lubricator 
"C" or a given amount of oil is poured into the cup "I." Through 
the lid is inserted an armored thermometer "T," shown on photo- 
graph reaching down into the dish. 

The steam vessel thus arranged and connected up is surrounded 
and covered by a suitable asbestos hood. "L," pipe connections 
for the gases used. 

E— 7-Glass cylinder of heavy glass about 200 mm. long 18 to 20 
mm. inside diameter, containing as shown in the photograph a 
small rectangular boat or dish; beyond "E" is a glass tubing system 
"F" connected up with brass fittings; each glass tube is about 500 
mm. long, 8 to 9 mm. inside diameter, and at the further end is 
attached a steam separator and oil collecting vessel "G," con- 
sisting of an ordinary glass chimney fitted up with brass caps, 
and to this by means of copper tubing is connected the condenser 
"H." 

In this apparatus any desired temperatiure may be maintained 
at least up to 1000° Fah., which is 300 to 400 degrees higher than 
is required under most exacting service conditions, as far as super- 
heated steam temperature is concerned. 

In studying the behavior of valve and cylinder oils in an atmos- 
phere of superheated steam, the steam is passed from the small 
steam boiler through the superheater "B" and into the steam 
vessel "D" through its pipe coU (lamp being lit under "D"), 
and out through E, F, G, and H. 

When the temperature reaches and is regulated in "D" to 400° 
Fah., oil is fed drop by drop from the sight feed lubricator "C" 
or the cup "I" is filled; the steam is shut off and the valve in the 
cup "I" opened, letting the oil rim into the dish in "D," the steam 
valve is then very gradually and carefully opened so as to let 
through any desired amount of steam. 

The temperature in "D" is maintained for a given length of 
time at or near 400° Fah., noting if any oil vapors are coming 
over; by shutting and opening the steam valve it is easy to see 
if any vapors are coming over with the steam. 

The temperature is increased in increments of 25 to 50° Fah., 
at a time, until the desired temperature is reached, noting the 
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behavior of the oil vapors passing on with the steam through the 
glass pipe system, etc. It is interesting to note the behavior of 
the cylinder oils containing rather a large percentage of saponifiable 
fats or fat oils. These generally come over to a great extent at 
much lower temperatures than the main portions of the petroleum 
stock oils that are generally used in compounding first-class cylin- 
der oils. 

In further study of the behavior of oils, the boat in the glass 
cylinder "E" may be filled through the cup "I" to the left, and 
subjected at various temperatures in slow currents of superheated 
steam, carbon dioxide and air or mixtures of these. The glass 
cylinder "E" during the last test is surrounded by heavy asbestos 
covering to prevent radiation. 

The cylinder oils may leave a residue in the dish in "D" at steam 
temperatures below 700° Fah.; if so, such residue should give a 
clear solution in 90 cc. 0.65 sp. gr. (87°B) petroleum ether (Penn- 
sylvania) and show no precipitate on standing. At steam tempera- 
tures of 850 to 900° Fah., generally all the oil has volatiUzed with 
the steam, and good oils should leave no carbonaceous or coky 
residue. 

While this apparatus was principally designed for the study and 
behavior of valve and cylinder oils in atmospheres of steam at 
various temperatures as above indicated, it can very readily be 
adapted for the study of other oils at various temperatures in 
currents of air, carbon dioxide or other gases or mixtures of these 
with and without steam. 



APPARATUS AND METHOD FOR CARBON TEST 

AND ASH RESIDUE IN PETROLEUM 

LUBRICATING OILS 

Bt p. H. Conbadson 
Franklin, Pa. 

In the examination of lubricating oils, especially those intended 
for gas and oil engines, air compressors, steam turbines, valve 
and cylinder oils, etc., the writer has found that the carbon residue 
from the so called "carbon test" at times contains other materials 
than carbon, such as chemicals from imperfect refining treatment, 
which would be considered as carbon unless further examined. 

The following method and apparatus as shown in accompanying 
photograph have proven satisfactory in most cases. 

The apparatus consists of an iron crucible or retort (A) (Skid- 
more's Normal School or similar) of about 200 cc. capacity. 
Approximate inside dimensions: diameter on top 80 mm. (3| in.), 
bottom 45 mm. (If in.), height 55 mm. {2\ in.). Inside of the 
crucible is placed upon a suitable support either a glass crystalliz- 
ing dish (B) about 65 mm. (2f in.) in diameter or a platinum dish 
about 70 to 80 cc. capacity; the latter is preferred for further study 
of the carbon residue. In the lid of the crucible or retort are 
attached two tubes: one, an exit or delivery pipe (D) 7 to 8 mm. 
(J in.) in diameter bent as shown in the cut, and if so desired 
attached to a condenser, the other (E) with small bore 2 mm. 
(1/16 in.) in diameter. The object of the latter is to blow out the 
heavy fumes generally produced, at the end of the distillation 
process. 

The test is conducted as follows: 35 grams of the oil are placed 
in the weighed dish which is set in iron retort or crucible, the cover 
with its pipe connections is securely clamped down (C) (an asbestos 
washer is foimd suitable to make a tight joint). 

The apparatus thus ready is put on an asbestos block resting 
on a tripod and covered as indicated in the photograph with a 
sheet iron or asbestos hood (G) and on top of this a clay chimney 
(H) so as to distribute the heat uniformly during the process. 
To get the upper part of the apparatus hot at the beginning, a 
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large gas flame is used at the start for a few mimites, then lowered; 
the distillation should be uniform and at the rate of 1 cc. per 
minute. The long exit pipe should be kept comparatively cool 
with water-soaked waste in case a condenser is not used. At the 
end of the distillation, the flame is raised gradually to make the 
bottom and lower part of the apparatus red hot at least when 
heavy fire test oils such as cyhnder oils are tested, and through the 
inlet pipe attached to a rubber tubing is momentarily blown at 
the last CO2 or other suitable gases to drive out the heavy, dense 
fumes or vapors. 

After cooling, the dish containing the carbonaceous residue is 
weighed, the latter ground fine and leached out first by boiling 
with water (water solution is tested with litmus paper for alka- 
linity and a few drops with Silver Nitrate solution for chlorides), 
next digested and boiled with dilute hydrochloric acid (1-|-1), 
filtered, washed, dried and weighed again. The difference in 
weight, if any, gives approximately the amount of foreign matter 
in the carbon residue. The carbon residue transferred back to the 
platinum dish is carefully burned off with a little pinre ammonium 
nitrate. If any residue is left it is weighed and deducted from the 
last carbon weight and dissolved in hydrochloric acid. The 
water and hydrochloric acid solutions are imited and examined, 
qualitatively or quantitatively as the case may require, for im- 
purities such as iron, alumina, lime, sulphm-ic acid and soda. 
(Some petroleum lubricating oils are compounded with lead, 
almninmn, zinc, lime or magnesium oleates held either in solution 
or suspension or both; before making the above test it is well to 
ascertain first if any of these compounds are present). 

Carbon Residue Impurities in Carbon 

per cent Residue per cent 

Turbine Oil 0.02 None 

1— Gas Engine Oil 0.53 0.126 NA2SO4 

2— Gas Engine Oil 0.71 0.103 NA2SO4 

3— Air Compressor Oil 0.66 0.092 NA2SO4 

4— Motor Oil 0.78 0.059 NAsS04 

Sulphur determination in No. 1 Gas Engine Oil gave according 
to Conradson's method: 

In products of combustion (lamp), 0.08% Sulphur. 

In wick from the oil (0.074% SO3), 0.131% NA2SO4. 



APPARATUS AND METHOD FOR SULPHUR DE- 
TERMINATION IN PETROLEUM ILLUMINAT- 
ING AND LUBRICATING OILS 

By p. H. Conradson 
Franklin, Pa. 

The methods generally used in determining the sulphur in 
petroleum, illuminating and lubricating oils do not fully give either 
the total amount of sulphur compounds that might be present 
or how they occur. The writer has foimd that in many inferior, 
poorly refined or treated petroleum oils large percentages of the 
total sulphur compounds present may be due to sulphonates or 
sulphates, which altogether escape notice in the so called lamp 
methods where the oil is only partly consumed in the lamp; while 
in the direct oxidation methods no distinction is made. 

In the examination of the illuminating (kerosene) oils used in 
railroad service, such as in locomotive headlights or track signal 
lamps (long time burner lamps) which latter require an oil with 
hardly any diminution in the intensity of light or candle power 
for 175 to 250 hours' continuous burning with no attention; or 
lubricating oils, such as used in steam turbines, gas or oil engines, 
superheated steam valve and cylinder lubrication, high pressure 
air compressors or high vacuum air pumps; it is essential to dif- 
ferentiate between the sulphur compounds that might be present 
in the oils. Therefore, the writer has found it necessary not only 
to bum a larger amount of oil in the lamps, but also to consume 
all the oil in the oil fount and make a careful examination of the 
sulphur compounds that may remain in the wick from the oil. 

The accompanying photographic cut of the apparatus is self 
explanatory — using ordinary small kerosene burners with chimneys 
well washed and dried cotton wicks about 3 mm. (| in.) in width. 
The lamp founts for the illuminating oils are ordinary glass beakers; 
for the lubricating oils, funnels having the stems cut off and 
fastened to a metal socket. The burners are inserted in a small 
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disk (lid of an ointment box with a hole cut to fit the burner). 
Filter tubes of strong glass with stem bent at right angles to fit 
snugly over the long arm of the stoppered absorption tubes; the 
latter are about 350 mm. (14 in.) in length between the constriction 
and exit tube, the diameter about 25 to 35 mm. (1 in. to 1| in.), 
and contain small glass beads to a depth of about 80 mm. (3 in.). 
(In the cut the second absorption tube of the apparatus to the 
right is wrongly connected.) 

The products of combustion are aspirated through carbonate 
of soda solution containing 6 grams of NazCOs in one liter of water 
and standardized with 1/10 normal hydrochloric or sulphuric 
acid. In testing, place 25 to 50 cc. of the soda solution in the first 
absorption tube; at the end of the operation the soda solution is 
run into a beaker and the chimneys, glass filter tubes and absorp- 
tion tubes are rinsed out with water and the solution with the 
washings is either titrated, using methyl orange as an indicator, 
or the solution may be oxidized with bromine and hydrochloric 
acid precipitated with barium chloride solution in the usual way. 
Calculate to sulphur (S). The wicks are separately treated and 
examined for sulphur compounds that may remain in the same 
from the oil as hereinafter described. 

ILLUMINATING OILS 

For low sulphur oils such as kerosenes made from Pennsylvania 
crudes, 15 to 20 grams of oil are used. 

For kerosenes made from Western crudes containing larger 
percentages of sulphur compounds, 10 to 15 grams are used. 

For kerosene oils intended for severe railroad service, either 
for headlight oil purposes or in long time burner signal lamps, 
it is well to make two sulphur determinations, one as above indi- 
cated, the other as follows: 

425 cc. of the oil are carefully distilled in a 600 cc. Engler's 
distilling flask at the rate of 2 to 4 cc. per minute (the slower rate 
at the beginning and at the end), until 400 cc. have come over; 
the Engler's flask is placed on an asbestos gauze and covered over 
with asbestos wool up to the top of the neck. The thermometer 
bulb as usual is placed opposite the exit tube. 

The 25 cc. residue in the distilling flask is transferred to a bottle 
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and if as often happens with ordinary or poorly refined kerosene 
oils a deposit or sediment is formed, more or less adhering to the 
sides and bottom of the flask, it should be carefully removed and 
added to the residue in the bottle as follows: Use successively 
ethyl ether, chloroform, 95% ethyl alcohol and hot water, as the 
case may require. The liquids are united and evaporated in a 
small dish and the residue is transferred to the bottle containing 
the 25 cc. oil residue with some of the latter. The sulphur com- 
pounds are then determined by burning the whole or part of the 
above well mixed residue to dryness in the apparatus above 
described. 

LUBRICATING OILS 

Five to ten grams of lubricating oils are burned to dryness in the 
lamps as stated with kerosenes. Spindle oils, thin turbine oils 
and automobile oils will feed through the wicks until they are all 
consumed, with possibly once or twice trimming of the formed 
crust; with thick, high viscosity oils, 5 to 8 cc. of highly refined 
low sulphur kerosene are added and the mixture is burned to dry- 
ness or practically so and then 2 cc. more of the kerosene oil are 
added and burned to dryness. 

The soda solution and washings are treated as above described, 
deducting for the sulphur in the 5 to 10 cc. of added kerosene. 

The wicks from the above described lamp tests are treated as 
follows: cut same in small pieces, transfer to a 50 cc. porcelain 
crucible, add 0.200 gram pare dried carbonate of soda and 5 cc. 
1.42 sp. gr. nitric acid, digest on steam or water bath (cover 
crucible with inverted lid) till the fibers are disintegrated, then 
add 2 grams pure crystallized magnesium nitrate, continue 
the digestion, gradually raising the temperature on hot plate 
or protected gas flame till the organic matter is destroyed and 
most of the nitrates decomposed, leaving a white residue; after 
cooling add sufficient bromine water and hydrochloric acid, boil, 
dilute and precipitate with barium chloride in the usual way and 
calculate to sulphuric acid (SOs). This includes the SOs both in 
form of sulphate and sulphonates, if both are present; if it is 
desired to estimate the latter separately, boil the wicks with 10 
to 15 cc. strong barium hydrate solution, dilute to 100 cc. with 
boiling water, filter and wash. The fiJtrate is either oxidized with 
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bromine and hydrochloric acid, or evaporated with a few drops 
of nitric acid to dryness and slightly ignited, and the residue 
treated with hydrochloric acid and boiling water. The insoluble 
BaS04 in either case is calculated to SO3 in sulphonates. 

The remaining wicks with any insoluble barium salts are then 
oxidized with nitric acid and magnesium nitrate, the residue is 
taken up by boiling with bromine water and hydrochloric acid; 
the insoluble if any (barium sulphate) calculate to SO3 present 
in the oil as sulphates. 

The usual precaution of making blank tests with the chemicals 
or reagents and wicks should not be omitted. 



lUumiiiating Oils 




Sulphur in lamp 

calculated to S 

per cent 


Sulphur oompounds 
in wick from sul- 
phonates, and sul- 
phates calculated to 
SOj. percent 


1 Kerosene Original 




0.015 S. 


None 


2 Kerosene Original 




0.035 S. 


Trace 


2a Kerosene in 25 cc. 


Residue 


0.038 S. 


Trace 


3 Kerosene Original 




0.071 S. 


0.0075 


3a Kerosene in 25 cc. 


Residue 


0.0135 S. 


0.013 


4 Kerosene Original 




0.018 S. 


None 


4a Kerosene in 25 cc. Residue 


0.057 S. 




Lubricating Oils 








1 Turbine Oil 




0.035 SO3 


None 


2 Turbine Oil 




0.098 SO3 


0.098 


3 Engine Oil 




0.354 SO3 


0.018 


4 Machinery Oil 




0.345 SO3 


0.032 


5 Heavy Gas Engine Oil 


0.080 SO3 


0.074 



A STUDY OF THE SENSITIVENESS OF THE BEAD 

AND LEAD DIOXIDE TESTS FOR MANGANESE 

WITH SPECIAL REFERENCE TO THE 

INTERFERENCE OF IRON 

By L. J. CuBTMAN AND A. D. St. John 
New York 

The object of this work was to determine first the delicacy of 
the bead and lead dioxide tests for manganese when this metal 
alone is present and second the influence of iron on these tests, 
since in the ordinary qualitative procedure, the manganese and 
iron are tested for in the same precipitate. 

The Bead Test. — The bead tests were made in the customary 
way; that is a sodium carbonate bead on a loop of platinima wire 
of approximately 3 mm. in diameter with a volume of about 
0.03 CO. was fused with a small quantity of the metallic compound, 
slightly cooled, and then touched while still quite hot to powdered 
potassium chlorate. A special procediu-e referred to below as 
"reheating," consisted in bringing the carbonate bead containing 
the manganese compound and adhering potassium chlorate into 
the upper part of the Bunsen flame, heating to quiet fusion', and 
finally cooling, preferably by contact with a cold surface, such as 
a porcelain plate, until almost cold. By this "reheating" process 
a more intense coloration was produced, and in cases where large 
amounts of iron were present, it had the effect of concentrating 
the coloration in certain parts of the bead notably near the wire. 

Tests were first made to determine the minimum quantity of 
manganese which would give a green coloration to the bead. To 
this end one drop (1.05 cc.) of a standard manganese chloride 
solution was carefully absorbed in a sodimn carbonate bead that 
had been previously fused and cooled; the wet mass was then 
slowly and cautiously dried by heating the wire (away from the 

' Care must be exercised in this fusion to lose none of the bead through 
sputtering which may be caused by the use of too much chlorate or by too 
rapid heating. 
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bead) and finally fused and brought in contact with potassium 
chlorate. This procedure obviated the apparent difficulty of 
introducing qualitative amounts of precipitate into the bead and 
was the method employed in all the bead tests except where other- 
wise stated. The following results were obtained: 

TABLE I 
SUBSTANCE MnCli.4HjO 
Quantity of Mn Result 

0.05 mg. Very good green 

0.02 mg. Very good green 

0.005 mg. Good green 

0.002 mg. Fair green 

0.001 mg. Doubtful but fair on reheating 

0.0005 mg. Trace of green on reheating — limit 

If we consider the volmne of the bead 0.03 cc. and its sp. gr. 

1. (in order to make a rough comparison with other color reactions 

which are carried out in aqueous solution), the limiting test would 

show a delicacy of one part in 60,000. 

Having determined the sensitiveness of the test when manganese 
alone is present, the next step was to investigate the interfering 
influence of iron. Accordingly standard solutions of reCl3.6H20 
and MnCl2.4H20 were mixed in varying proportions and precipi- 
tated by the addition of an excess of sodium hydroxide. A small 
portion of the filtered precipitate was taken up on the bead and 
the test completed in the usual way. The following results were 
obtained. 

TABLE II 
Parts Mn Parts Fe Result 

1 Very good 

2 Very good 

3 Good 

4 Fair 

5 Fair 

6 Fair 

Up to this ratio a small amount of the wet precipitate was used 
equal to about one quarter of the bulk of the bead. With in- 
creasingly large amounts of iron, however, more of the precipitate 
was taken up, and reheating resorted to with the following results. 
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TABLE III 




Parts Mn 


Parts Fe 


Result 




25 


Good 




50 


Good 




100 


Good 




500 


Good 




1000 


Fair 



In the last two tests the blast lamp was used, and a quantity 
of the precipitate equal approximately to three or four times the 
volume of the bead was taken up in small portions, successively 
dried, and reheated several times. These results suggested that 
the iron did not interfere except in so far as it prevented suflRcient 
manganese from being introduced into the bead to give the test; 
for if the same quantity of precipitate is to be employed in each 
test, it is obvious that the higher the ratio of iron to manganese, 
the smaller will be the quantity of the latter that will be con- 
tained in the portion taken for the test. The tests were therefore 
repeated with suflScient manganese (0.005 mg.) in each case to 
give a good color and to this amount were added varying quantities 
of iron. In these tests the solutions were not precipitated but 
absorbed in the bead in the manner aheady described. 

The following results were obtained: 

TABLE IV 
Parts Mn Parts Fe Result 

1 (0.005 mg.) 100 Good 

1 (0.005 mg.) 200 Good 

1 500 Good 

1 (0.005 mg.) 1000 Good 

1 (0.005 mg.) 2000 Good 

In all the above experiments the beads were reheated; in the 
last test, this was repeated several times, potassium chlorate 
being added at each reheating. The iron present in the above 
tests was vastly more than could be dissolved in the bead and 
in consequence appeared as a brown coating completely envelop- 
ing the bead and masking the green color due to the manganese; 
it was found, however, that by reheating several times with more 
potassium chlorate this coating was driven to one side, causing 



140 Original Communications: Eighth International [vol. 

the green color beneath to be exposed. It therefore appears 
that provided enough manganese is introduced into the bead to 
give a fair test, the amount of iron present has no effect other 
than to enclose the bead in a brown coating, which difficulty 
may be overcome as indicated above. 

The Lead Dioxide Test. — To determine the sensitiveness of 
this test when manganese alone is present, diminishing amounts 
of a standard solution of manganese chloride were treated in test 
tubes with one to two grams of lead dioxide^ 0.5 cc. cone, nitric 
acid and sufficient water to make the total volume 5 cc. The 
mixture was then gently boiled, allowed to settle and the super- 
natant liquid examined as to color. The following results were 

obtained: 

TABLE V 

Result 



5cc. = 5.0 


mg. Mn. 


Deep purple 


5cc. = 2.5 


mg. Mn. 


Deep purple 


5cc. = 0.5 


mg. Mn. 


Deep purple 


5cc. = 0.25 


mg. Mn. 


Purple 


5cc. = 0.125 


mg. Mn. 


Purple 


5 cc. = 0.05 


mg. Mn. 


Pink 


5 cc. = 0.025 


mg. Mn. 


Faint pink 


5 cc. = 0.005 


mg. Mn. 


Very faint pink 


5cc. = 0.002'' 


mg. Mn. 


Limit 



The limit test shows a deUcacy of one part in 2,500,000. 

The influence of iron on the sensitiveness of the test was deter- 
mined by the following procedure: varying mixtures of standard 
solutions of manganese chloride and iron chloride were precipi- 
tated with a sUght excess of sodium hydroxide, the precipitates 
filtered and dissolved in a hot mixture of 0.5 cc. cone, nitric acid 
and 4.5 cc. of water and finally treated with lead dioxide and 
boiled. The same results were also obtained with the solutions 
without precipitation, except that the salts used were Fe (N03)3. 
9H2O and MnS04.6H20 in order to prevent the formation of 
aqua regia. The following results were obtained: 

' Merck's Reagent PbOj was employed throughout this work and was 
found to be free of manganese. 

^Noyes, Bray and Spear (J.A:C. S. SO, 556) have shown that the lead 
dioxide test is easily sensitive to 0.02^mg. Mn. 
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TABLE VI 




Parts Mn 


Parts Fe 


Result 


1 (0.02 mg.) 


10 


Good 


1 (0.02 mg.) 


20 


Good 


1 (0.02 mg.) 


50 


Good 


1 (0.02 mg.) 


100 


Fair 


1 (0.02 mg.) 


200 


Fair 


1 (0.02 mg.) 


300 


Faint 


1 (0.02 mg.) 


400 


Faint 


1 (0.02 mg.) 


500 


Limit 



The last result gave a nearly colorless solution. The effect 
of iron in discharging the color due to manganese recalls the use 
of manganese dioxide in glass manufacture. The absence of a 
yellow color when a large amount of iron is present might be taken 
to indicate its decolorization by the presence of manganese; it 
appears, however, that this cannot be depended upon for the 
reason that an iron solution of the concentration used in the 
limiting test was found to be decolorized by the lead dioxide and 
nitric acid treatment even when no manganese was present; 
hence the nearly colorless solution obtained above is apparently 
not due to the mixture of the permanganate pink and the yellow 
iron. 

It was thought desirable to make a few further tests to deter- 
mine the influence of varying amounts of iron upon a larger con- 
stant quantity of manganese than that employed above. The 
results obtained are given below: 

TABLE VII 

Parts Mn Parts Fe Color Result 

1 (0.2 mg.) 500 Reddish pink Good 

1 (0.2 mg.) 1000 Reddish yellow Fair 

1 (0.2 mg.) 2000 Reddish brown Doubtful^ 



' The color given by the last test could not be readily distinguished from a 
solution containing 400 mg. of Fe as Fe(NOi)i in 5 cc. It may also be noted 
that a solution of this concentration of iron was noticeably decolorized by the 
nitric acid and lead dioxide treatment. 
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From the results of Tables VI and VII it appears that the lead 
dioxide test for manganese is unreliable in the presence of three 
or four hundred parts of iron, unless a fairly large amoimt of 
manganese is present such as 0.2 mg. when a somewhat larger 
ratio of iron does not interfere with the test. On the other hand, 
the bead test is efficient with larger amounts of iron provided 
enough manganese (0.005 mg.) is introduced into the bead and 
provided the precautions cited under Table IV are followed. 



THE DETEEMINATION OF THE SENSITIVENESS OF 
THE HYDROXIDE REACTIONS FOR THE 
COMMON METALS 

By L. J. CuRTMAN AND A. D. St. John 
New York 

The hydroxide reactions of the metals are perhaps the most 
common as well as the most important of those which take place 
in the wet way; yet no systematic work has been done to deter- 
mine the delicacy of these reactions. The present work was 
therefore undertaken to supply this information, the need for which 
was felt in qualitative work. From the fact that the hydroxides 
studied were formed by precipitation, it might appear that the 
desired results could be calculated from the figures for the respec- 
tive solubility products of the hydroxides; but it unfortunately 
happens that, with few exceptions, these figures have not as yet 
been determined; moreover, this information, even if available, 
would give but a rough idea of the sensitivity limit, for the reason 
that the final result of a sensitivity determination is largely an 
optical phenomenon that is controlled by factors some of which 
are not included in the law of mass action. Chief among these 
factors are those which affect the visibility of the precipitate in 
very dilute solutions; such as its form, density, and color. In 
order to obtain comparable results, all the experiments were 
carried out imder uniform conditions. The general procedure 
was as follows: In separate experiments diminishing amounts 
of metaJ, in the form of a solution of one of its salts, were treated 
in test tubes with a slight excess of a ten per cent solution of either 
ammonia or sodium hydroxide, depending upon the solubility 
of the precipitate in an excess of either, and the tubes examined 
for a precipitate. The final volume in each case, including the 
reagent added, was 5 cc. The following results were obtained. 

Lead. — A standard solution of lead nitrate containing a trace 
of nitric acid was employed in these tests. The precipitant was 
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a 10 per cent solution of ammonia. The results are tabulated 
below: 

Cold BoUed 

5 cc. = 25 mg. Pb large precipitate large precipitate 

5 cc. = 12.5 mg. Pb slight precipitate large precipitate 

5 cc. = 5.0 mg. Pb cloudiness small precipitate 

5 cc. = 2.5 mg. Pb slight cloudiness slight precipitate 

5cc. = 1.0 mg. Pb very faint cloudiness slight cloudiness 

5 cc. = 0.75 mg. Pb just visible cloudiness limi t, 

The most uniform results were obtained by boihng. The 
precipitate was white and divided. The result obtained with 
0.75 mg. of lead was just visible without eye strain and represents 
a concentration of one part in 6500. No hydrolysis was observed 
in blanks either in the cold or on boiling. 

Silver. — A solution of silver nitrate was employed in these 
tests. The precipitant was a 10 per cent solution of sodium 
hydroxide. All samples were boiled. The following results were 
obtained: 

5cc.=25.0 mg. Ag. heavy precipitate 

5 cc. = 5.0 mg. Ag. sUght precipitate 

5 cc. = 2.5 mg. Ag. cloudiness 

5cc.= 1.0 mg. Ag. slight cloudiness 

5 cc. = 0.5 mg. Ag. faint cloudiness 

5 cc. = 0.25 mg. Ag. faint cloudiness 

5 cc. = 0.125 mg. Ag. limit 

The end product was brownish. The limit test was given by 
a solution of silver, the concentration of which was one part in 
40,000. 

Mercury. — (ous). A solution of mercurous nitrate containing 
approximately one per cent of concentrated nitric acid, was em- 
ployed in these tests. The following results were obtained: 
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5 cc. = 25.0 mg. Hg 

5 cc. = 5.0 mg. Hg 

5 cc. = 2.5 mg. Hg 

5 cc. = 1.0 mg. Hg 

5 cc. = 0.5 mg. Hg 



5 cc. = 0.25 mg. Hg 
5 cc. = 0.10 mg. Hg 
5 cc. = 0.05 mg. Hg 
5 cc. = 0.025 mg. Hg 



NaOH 
large precipitate 
heavy precipitate 
heavy precipitate 
slight precipitate 
slight precipitate 
or coloration 



NH4OH 
large precipitate 
heavy precipitate 
heavy precipitate 
slight precipitate 
very faint precipi- 
tate which increases 
on standing, 
limit on standing 
two minutes. 



slight precipitate 
or coloration 

very slight precipi- 
tate or coloration 

very faint precipi- 
tate or coloration 

limit. Appears 
light gray, away 
from the source 
of light. 



The above results indicate that a ten per cent sodium hydroxide 
solution is a more sensitive reagent for the detection of mercurous 
mercury than an ammoniacal solution of the same strength. 
With the former the limiting test was given by a solution whose 
concentration was one part in 200,000 while with the latter re- 
agent the limit was one part in 20,000. 

Mercury (ic). — The following results were obtained with a 
solution of mercuric chloride: 

NaOH 
5cc. =25.0 mg. Hg heavy precipitate 
5 cc. = 12.5 mg. Hg slight precipitate 
mg. Hg slight precipitate 
hmit 



5 cc. = 
5 cc.= 
5 cc. = 
5 cc.= 



5.0 
2.5 
1.0 
0.5 



mg. 
mg. 
mg, 



Hg 
Hg 
Hg 



5 cc. = 0.375 mg. Hg 



NH4OH 
heavy precipitate 
fair sized precipitate 
sUght precipitate 
slight precipitate 
coloration 3 minute 
slight coloration | 
minute 
limit 



The precipitates obtained with sodium hydroxide were yellow 
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becoming orange with dilution. With ammonia the precipitates 
were white. 

The limiting results obtained above show that with sodium 
hydroxide one part of mercury in 2000 can be detected while 
with anmionia the delicacy is one part in 13,000. 

Bismuth. — In the following tests, a solution of bismuth nitrate 
acid with nitric acid was used. The following results were obtained 
with ammonia as the precipitant: 



5 cc.=25.0mg. Bi 
5 cc. = 5.0 mg. Bi 



Cold 
white gelatinous ppt. 
white gelatinous ppt. 



5 cc. = 2.5 mg. Bi slight gelatinous ppt. 



5 cc.= 
5 cc. = 



1.0 mg. Bi 
0.5 mg. Bi 



limit 



BoUed 
white gelatinous ppt. 
white gelatinous 

precipitate^ 
white gelatinous 

precipitate^ 
faiat precipitate 
limit 



In the cold it was found difficult to estimate the quantity of 
gelatinous precipitates; boiling facilitates this. The sensitiveness 
of the test in a boiling solution is shown to be one part in 10,000. 

Copper. — The following results were obtained with a solution 
of copper nitrate using a sodium hydroxide solution as the pre- 
cipitant. 

Cold 

heavy precipitate 
light precipitate 



5 cc. =25.0 mg. Cu. 
5 cc. = 5.0 mg. Cu. 



5 cc. = 2.5 mg. Cu. slight precipitate 



5 cc. = 1.0 mg. Cu. 
5 cc. = 0.5 mg. Cu. 



limit 



Boiled 
heavy precipitate 
light precipitate 

which settles 
slight precipitate 

which settles 
faint precipitate 
limit 



In the cold the color of the precipitates was bluish-white; 
when boiled they were black becoming brown on dilution. The 
limit test in a boiling solution shows a delicacy of one part in 10,000. 

Cadmium. — A solution of cadmium nitrate was employed in 

' The precipitate coagulated and settled. 
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these tests with sodium hydroxide solution as the precipitant. 
The results obtained are given below. 









Cold 


BoUed 


5 cc. 


=25.0 


mg. Cd. 


heavy precipitate 


heavy precipitate 
(white) 


5 cc. 


= 5.0 


mg. Cd. 


heavy precipitate 


heavy precipitate 
which settled 


5 cc. 


= 2.5 


mg. Cd. 


slight precipitate 


slight precipitate 
which settled 


5 cc. 


= 1.0 


mg. Cd. 


cloudiness 


cloudiness 


5 cc. 


= 0.5 


mg. Cd. 


slight cloudiness 


cloudiness 


5 cc. 


= 0.25 


mg. Cd. 


faint cloudiness 


slight cloudiness 


5 cc. 


= 0.12£ 


) mg. Cd. 


limit 


limit 



5cc.=25 


mg. Fe. 


5cc.= 5.0 


mg. Fe. 


5cc.= 2.5 


mg. Fe. 


5cc.= 1.0 


mg. Fe. 



In all the above experiments in which less than one milligram 
was present in 5 cc, more conspicuous results were obtained on 
standing one minute. The limit tests show this reaction to 
possess a delicacy of one part in 40,000. 

Iron. — The following results were obtained with a solution of 
ferric chloride. The precipitant chosen was ammonia. 

heavy precipitate 
heavy precipitate 
light precipitate 

light precipitate which looks like a 
coloration 
5 cc. = 0.5 mg. Fe. light precipitate which looks like a 

coloration 
5 cc. = 0.25 mg. Fe. very light precipitate which looks like 

a coloration 
5 cc.= 0.125 mg. Fe. faint color 
5 cc. = 0.060 mg. Fe. limit 

On boiling the precipitate becomes darker brown, and is more 
noticeable in small amounts. All the precipitates in quantities 
greater than one milligram coagulate and settle on boiling. The 
limiting test above shows the test to be exceedingly sensitive, 
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producing a visible result in a concentration of one part in 80,000. 
Aluminium. — All the results given below were obtained with 
a solution of aluminium chloride to which a slight excess of am- 
monia was added and the mixture boiled in each case. 

5 cc. = 25.0 mg. Al. heavy gelatinous precipitate 

5 cc. = 5.0 mg. Al. heavy gelatinous precipitate 

5 cc. = 2.5 mg. Al. light precipitate 

5cc. = 1.0 mg. Al. light precipitate 

5 cc. = 0.5 mg. Al. very light precipitate 

5 cc. = 0.25 mg. Al. very light precipitate 

5 cc. = 0.125 mg. Al. faint precipitate 

5 cc. = 0.05 limit 

With amounts greater than 0.5 mg. the precipitates coagulated 
in one or more isolated clots. With smaller amoimts, however, 
the precipitates do not coagulate in large pieces but remain in a 
finely divided state. The delicacy of the test is one part in 
100,000. 

Chromium. — A solution of chromium nitrate was employed in 
the tests given below: 

NaOH NH.OH 

5cc. =25.0 mg. Cr. heavy precipitate heavy precipitate 

(green) (gray) 

5 cc. = 5.0 mg. Cr. medium sized ppt. medium sized ppt. 

5 cc. = 2.5 mg. Cr. slight precipitate slight precipitate 

5 cc. = 1.0 mg. Cr. faint precipitate sUght precipitate 

5 cc. = 0.5 mg. Cr. limit very sUght ppt. 

5 cc. = 0.25 mg. Cr. very slight ppt. 

5 cc. = 0.125 mg. Cr. very slight ppt. 

5 cc. = 0.06 mg. Cr. faint precipitate 

5 cc. = 0.03 mg. Cr. limit 

All the precipitates were boiled and allowed to settle. With the 
lower amounts of metal the precipitates were slightly coagulated; 
while in the limiting tests the precipitates showed a decided 
tendency to form in the finely divided state. The limit test shows 
a dehcacy of one in 170,000. 
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Zinc. — The following results were obtained with a solution 
of zinc nitrate. Ammonia was used in slight excess and the 
mixture boiled. 

5 CO. 25.0 mg. Zn. dense white precipitate 

5 cc. 5.0 mg. Zn. dense white precipitate 

5 cc. 2.5 mg. Zn. slight precipitate 

5 cc. 1.0 mg. Zn. slight precipitate 

5 cc. 0.5 mg. Zn. sUght precipitate 

5 cc. 0.25 mg. Zn. cloudiness 

5 cc. 0.12 mg. Zn. faint cloudiness 

5 cc. 0.06 mg. Zn. limit 

The limit test shows a delicacy of one part in 80,000. 

Nickel. — A solution of nickel chloride was employed in carrying 
out the following tests. The precipitant was sodium hydroxide. 

5 cc. = 25.0 mg. Ni heavy gelatinous precipitate (light 

green) 

5 cc. = 5.0 mg. Ni slight precipitate 

5 cc. = 2.5 mg. Ni slight precipitate 

5cc. = 1.0 mg. Ni slight precipitate 

5 cc. = 0.5 mg. Ni few flakes 

6 cc. = 0.25 mg. Ni few flakes 
5 cc. = 0.125 mg. Ni few flakes 
5 cc. = 0.06 mg. Ni Umit 

Not less than 0.5 mg. can be readily distinguished without 
boiling. 

The Umit test shows a deUcacy of one part in 80,000. 

Cobalt. — For these tests a solution of cobalt nitrate was used. 
The reagent was sodiimi hydroxide. 

5 cc. = 25.0 mg. Co. heavy precipitate (blue becoming a 

dirty orange), coagulates and settles 
on boiling 

5 cc. = 5.0 mg. Co. heavy precipitate 

5 cc. = 2.5 mg. Co. slight precipitate 

5cc.= 1.0 mg. Co. slight precipitate 

5 cc. = 0.5 mg. Co. very shght precipitate 

5 cc. = 0.25 mg. Co. faint precipitate 

5 cc. = 0.125 mg. Co. faint precipitate 

5 cc. = 0.06 mg. Co. limit 
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Not less than 0.25 mg. can be seen in the cold. The limit test 
shows a concentration of one part in 80,000. 

Manganese. — The following results were obtained with a solu- 
tion of manganese chloride. In each test a slight excess of am- 
monia was added and the mixture boiled. 

5 cc. = 25.0 mg. Mn heavy precipitate (orange) 

5 cc. = 5.0 mg. Mn heavy precipitate (red-brown) 

5 cc. = 2.5 mg. Mn medium sized precipitate 

5 cc. = 1.0 mg. Mn slight precipitate (dark red) 

5 cc. = 0.5 mg. Mn slight precipitate (black) 

5 cc. = 0.25 mg. Mn slight precipitate (black) 

5 cc. = 0.12 mg. Mn faint precipitate (black) 

5 cc. = 0.06 mg. Mn faint precipitate (black) 

5 cc. = 0.03 mg. Mn limit 

With sodium hydroxide as reagent, the same results were 
obtained. With 5.0 mg. and less, the precipitate appears like a 
coloration before boiling. 

The limit test shows a deUcacy of one part in 170,000. 

Magnesium. — A solution of magnesium sulphate was used in 
these tests with sodium hydroxide as the precipitant. 

5 cc. =25.0 mg. Mg. heavy gelatinous precipitate 

5 cc. = 5.0 mg. Mg. heavy gelatinous precipitate 

5 cc. = 2.5 mg. Mg. heavy gelatinous precipitate 

5 cc. = 1.0 mg. Mg. slight precipitate 

5 cc. = 0.5 mg. Mg. limit 

The limit test shows a delicacy of one part in 10,000. 



A METHOD FOR THE SYSTEMATIC QUALITATIVE 
DETECTION OF BARIUM AND STRONTIUM 

By L, J. CuRTMAN AND E. M. Frankbl 
College of City of New York, N. Y. 

The previous work of the authors^ has shown that the systematic 
qualitative detection of barium is distinctly unreliable. They 
have devised a scheme of analysis by which small amounts of 
the alkaline earth metals may be detected. The method consists 
in the precipitation of the alkaline earth metals, together with part 
of the lead as sulphates with dilute sulphuric acid and alcohol, from 
a solution of definite acidity. After extracting the lead sulphate 
with ammonium acetate, the alkaline earth sulphates are converted 
to carbonates by boiling with sodium carbonate solution. The 
carbonates are then dissolved in acetic acid and the resulting solu- 
tion analyzed in the usual manner. Numerous test analyses 
prove the method to be trustworthy. 



'J. A. C. S., S3, 724, 1911. 
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THE INFLUENCE OF NON-VOLATILE ORGANIC 
MATTER AND CERTAIN ACIDS ON THE PRE- 
CIPITATION OF THE AMMONIUM SULPHIDE 
GROUP OF METALS 

By L. J. CURTMAN AND H. DUBIN 

College of City of New York, N. Y. 

The effect of a number of non-volatile organic substances to 
prevent or hinder the precipitation of Al, Cr 'and Fe by NH4OH 
was investigated. The following was found to be the order of 
interference: Citric acid, tartaric acid, dextrin, sucrose, glucose, 
and lactose. The first offered the greatest interference while 
sucrose, glucose and lactose interfered very slightly in the pre- 
cipitation of the trivalent metals of Group III. Tables are given 
showing the effect of each of the above substances imder condi- 
tions which prevail in qualitative work. A study was also made 
of the influence of certain acids in causing the precipitation of the 
alkaline earth metals and Mg in the third group. It was found 
that two grams of NH4CI which are formed in the course of the 
analysis, are sufficient to prevent any interference by boric acid 
or borates; with fluorides, however, this was not found to be the 
case, even when the quantity of NH4CI was increased. The 
effect of varying quantities of oxalates and phosphates respectively 
on the precipitation of Ba, Sr, Ca and Mg in the third group was 
also investigated. 
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THE SAMPLING OF GOLD BULLIONi 

Bt Frederic P. Dewey* 
Mint Bureau, Washington, D. C. 

At the Seventh International Congress of Applied Chemistry 
I presented a paper' on "The Assay and Valuation of Gold 
Bullion" in which are briefly mentioned a few illustrations of 
different methods of sampling gold bullion, particularly cyanide 
bars. Since then I have carried on an extensive investigation 
upon the sampling of gold bullion in relation to its effects upon 
the assay results in connection with the statement of accounts 
between the smaller assay offices of the United States which pur- 
chase gold bullion and the mints where the purchases are re- 
deposited. 

Under the name of gold bullion are included metals of widely 
different composition. We may have practically pure metal, 
999.75 fine or even more in gold, alloys of gold and silver with 
only trifling amounts of base metal, alloys of gold and copper 
with triffing amounts of other metals, ternary alloys of gold, silver 
and copper, or gold, silver and lead, and most complex alloys of 
5 to 8 or more constituents of ordinary occurrence, besides some of 
the rarer metals occasionally. In any or all of these classes we 
may have one or more of the metalloids, which may add to our 
difficulties. 

Of course, with metal 999.75 fine in gold there is only slight 
opportimity for different samples to differ in fineness, but on such 
fine metal we expect the assays to agree very closely and the sam- 
pling must be done with the utmost care. When possible, dip or 
granulation samples of the molten metal should be taken, but 
when necessary to sample bars the chief point to guard against is 
siirface dirt. 

In the case of four melts of fine gold, which had been carefully 

'Published by permission of the Director of the Mint. 
•Assayer, Mint Bureau, U. S. Treasury, Washington, D. C. 
'PubOshfid in Trans. Am. Inst. Mining Engineers Vol. XL, p. 780, and in 
Annual Report of the Director of the Mmt for the year 1908-1909, p. 25. 
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sampled by both dips 


and chips, one of the chip bars and an inde- 


pendent bar were chipped and the chips assayed. Table I sum- 


marizes the results: 


TABLE I 
Fine Gold Sampling 




Original 


Sample Bar 
2iid Sample 




Report 


2nd Bar 


997.9 fine 


997.7 fine 
998. fine 


997.9 fine 


997.5 fine 


997.4 fine 
.3 fine 


997.4 fine 


997.4 fine 


997.4 fine 
.4 fine 


997.3 fine 


997.2 fine 


996.9 fine 


996.9 fine 



In the case of four melts of much higher grade metal independent 
samples were taken and assayed after the melts had been reported 
by the Assayer and Table TI summarizes the results. 





TABLE II 




Fine Gold Sampling 


Original Report 




Resamples 


999.8 fine 




999.7 fine 
.7 fine 


999.7 fine 




999.7 fine 
.7 fine 


999.7 fine 




999.7 fine 
.6 fine 


999.6 fine 




999.5 fine 
.5 fine 



Our standard gold, coin gold, is 900 fine in gold and 100 fine in 
copper. When made from pure metals it does not segregate. 
Four melts of standard gold were carefully sampled by both dips 
and chips and reported by the assayer. Subsequently one of the 
sample bars and a second bar were chipped and the chips were 
assayed. Table III summarizes the result. 





TABLE III 






Standard Gold Sampling 




Original Report 


Sample Bar 


2nd Bar 


900 fine 


899.8 fine 
.9 fine 


899.8 fine 


899.9 fine 


899.8 fine 


899.8 fine 


899.8 fine 


899.7 fine 


899.6 fine 


899.7 fine 


899.7 fine 
.8 fine 


899.5 fine 



In the cases already cited the question of sampling is a very 
simple matter and the variations in the results shown may just 
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as well be due to the assaying itself as to the sampling. When, 
however, we come to consider miscellaneous bulUon of more com- 
plex composition the sampling assumes greater importance. 

If we have a bar of strictly homogeneous metal, manifestly it 
would make no difference how the sample was taken, for any 
part of the metal would be just the same as the balance of the 
metal. Bars that are practically homogeneous are not uncommon, 
and such bars would not have to be melted for the purpose of 
sampling, provided always that we could be certain that they 
were homogeneous. 

Only two classes of alloys can form homogeneous bars; those 
that are solid solutions and the eutectics, and imfortimately there 
are no characteristics by which the homogeneity of a bar of gold 
buUion may be readily established. As a general proposition it is 
safe enough to assume that a brittle bar of gold bullion will not 
be homogeneous. We may, of course, happen to get a bulUon of 
eutectic composition, which would be both brittle and homo- 
geneous, but eutectics imdoubtedly form a very small proportion 
of the ordinary run of gold bulhon. On the other hand it is far 
from safe to assume that a ductile bar is homogeneous. 

The alloys of gold and silver and gold and copper form continu- 
ous series of solid solutions and they may carry small amounts of 
other metals without showing marked segregation. Several cases 
are shown in the examples cited beyond where there is remarkable 
agreement in the assays of different samples of gold and silver 
alloys containing small amoxmts of impurities, thus showing the 
practical absence of segregation. Alloys of gold and copper are 
quite similar in their heat behavior to the gold-silver alloys, but 
I do not happen to have any satisfactory series of samples of these 
carrying small amounts of other metals. 

When we come to the ternary alloys our knowledge of their 
behavior on heating and cooling is too scant to admit of valid 
generalizations and this is even more so with regard to the alloys 
of increasing complexity. 

Considering now the sampling of general miscellaneous gold 
bullion, there is only one universally satisfactory method of taking 
a sample of such bullion that shall truly represent the metal 
sampled. This consists in pouring a small portion of the well- 
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mixed molten metal into water so as to produce small globules or 
granulations of the metal. As this is generally done by dipping 
out a portion of the molten metal in a small cup such a sample is 
frequently called a "dip," and this name is generally used through- 
out this paper. These samples are, however, often called "granu- 
lations" and they are sometimes made by pouring directly out of 
the crucible into the water, the operation of casting being inter- 
rupted for the purpose. 

As already indicated, there are indeed various cases where other 
styles of sampling may be sufficiently satisfactory, and there are, 
moreover, many cases where it is desirable or even necessary to 
sample a bar of solid bullion without melting it. In such cases a 
chip may be cut off from the bar by an ordinary cold chisel or by 
a chisel especially designed for the purpose. Power-driven pimches 
with especially designed tools may be used. Machines are also 
built which bite out a triangular piece of metal by means of a 
projection on a lever operated by a cam. Where much chip 
sampling is done, especially on small bars, these machines are 
great time and labor savers. A third method of sampUng consists 
in boring into the bar, generally with a power drill, and using the 
drillings for the assay sample. 

In taking a chip sample there is but little choice in the location 
of the sample. It must necessarily be taken from a corner or 
along some edge of the bar. In the systematic sampling of large 
bars, generally two chips are cut; one from the top and one from 
the bottom of the bar and properly identified. 

In taking drill samples there is a wide choice in the location of 
the drill holes and in the sampling of large bars more or less of a 
plan in placing the holes is often followed. It is a common prac- 
tice in the mint service to drill half way through a bar at diagonally 
opposite corners on top of the bar and unite the drillings for the 
top sample. The remaining corners are drilled half way through 
from the bottom and the drills mixed for the bottom sample. 
Occasionally the four drills are kept separate, especially when 
sampling very base bars. Occasionally also holes are drilled near 
the center of the bar. 

Drill samples are often more satisfactory than chip samples, 
especially where large niunbers of bars of fairly uniform size and 
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composition are sampled in accordance with a well-designed plan. 
Drill samples of brittle bars are, however, liable to be imsatis- 
f actory because the fine and coarse port;ions may differ considerably 
in composition. 

In the pm-chase of gold bullion by the Mint Service of the 
United States the size of the deposit has an important bearing 
upon the question of sampling. A very large proportion of the 
deposits will weigh less than 100 ounces each. Manifestly slight 
differences in the samples on such bars will be immaterial. When, 
however, the weight of a deposit reaches 300 ounces the samples 
become important and with bars weighing 700 to 1200 oimces 
correct sampling becomes essential. 

Limiting ourselves now for the most part to these large-sized 
bars of miscellaneous bullion, I propose to illustrate some of the 
general principles underlying the question of sampling gold bullion 
by specific cases drawn from actual practice. In considering the 
illustrations the assay results given must not be too rigidly in- 
terpreted. Besides the variations in the results due to variations 
in the samples there are three other variants that must be kept 
in mind constantly; the chapter of accidents, the personal equation 
of the assayer and the effect of the composition of the metal upon 
the assaying as distinct from its effect upon the sampling. This 
last point will be especially dealt with by various illustrations. 
Making reasonable allowances for these variants it is thought that 
the illustrations are sufficiently conclusive upon the main points 
involved. 

To begin with, alloys of gold and silver containing only small 
amounts of base metal, four bars, each one carrying less than four 
base, were chipped top and bottom and each one of the eight 
samples was assayed in three laboratories. A fifth bar carrying 
ten base was treated in the same way. Table IV summarizes the 
results reported. 
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TABLE IV 
Sampling Gold-Silvee Allots Low in Base by Chips 



FineneBs Assays 


Fineness Assays 


Fineness Assays 


Fineness Assays 


Fineness Assays 


872.3 1 


875.7 1 


883.3 1 1 


884.2 2 


873.8 1 


.4 2 


.8 1 2 


.4 6 


, .3 1 


4.0 1 


.5 5 4 


.9 2 3 


.5 4 2 


.4 1 4 


.2 2 1 


.6 2 


6.0 4 2 


.6 2 1 


.5 12 


.3 1 


.7 3 


.1 1 1 


.7 3 


.6 1 


.4 2 1 


3.0 1 1 


.2 2 1 




.7 1 


.5 2 4 
.6 1 
.7 1 


Total 9 10 


10 10 


10 10 


5 8 


9 8 


Silver 124 


121 


114 


111 


116 



Each one of the above bars may be taken as a single product, 
but a bar obtained by melting 39 small bars of miscellaneous origin 
into a mass-melt exhibits a remarkable agreement of chip samples. 
This mass weighed a little over 1300 ounces and was .143 fine in 
silver. It was chipped top and bottom at the assay office and 
twice at the mint of redeposit. The assay office samples were 
assayed in duplicate there and the four mint samples were assayed 
in four laboratories. Forty-four assays were made on the six chip 
samples. Table V summarizes the results reported. 



TABLE V 
Sampling a Mass Melt by Chips 

1 assay showed 679.7 fine in gold 

4 .8 

2 .9 

2 80.1 

5 .2 
8 .3 

3 .4 

4 .5 
7 .6 

5 .7 
2 .8 
1 .9 

44 

A bar carrying over 90 base and weighing 606 ounces was 
chipped top and bottom and the samples assayed at the purchas- 
ing office. At the receiving mint it was drilled top and bottom 
and the drills were assayed in four service laboratories. Table VI 
summarizes these assays. 
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TABLE VI 
Chip and Drill Samples Agbeeino 



Fineneas 


Chip 


DriU 


741.6 




1 


.7 




1 


.8 




1 


.9 




2 


2.0 




2 


.1 


2 


3 


.2 


2 


1 


.3 




4 


.4 




5 


Total 


4 


20 


Silver 


165 





A bar weighing over 800 ounces presents another remarkable 
case of the presence of considerable base metal without producing 
marked segregation. This bar was drilled top and bottom and 
the drillings were united to form one sample. Two other sets of 
drUls, top and bottom, were taken from the same bar and each 
sample was kept separate. These five samples were assayed 69 
times in five laboratories. Table VII summarizes the results 
reported. 

TABLE VII 
Samplino Gold-Silver Allot, Containing Considerable Base, 

BY Drills 

6 assays showed 351.0 fine in gold 

10 assays showed .1 fine in gold 

13 assays showed .2 fine in gold 

14 assays showed .3 fine in gold 

15 assays showed .4 fine in gold 
6 assays showed .5 fine in gold 

2 assays showed .6 fine in gold 

3 assays showed .7 fine in gold 

69 

This bar was 604 fine in silver and 44.5 fine m base metals. 

Two other bars containing less base metal but also considerably 
less gold yielded much less satisfactory results. These bars 
weighed nearly 1200 ounces each. They were drilled, top and bot- 
tom, and the drillings united to form one sample. One bar was 
drilled twice again, top and bottom, and the other three times, 
top and bottom, each drilling being kept separate. These twelve 
samples were assayed in five laboratories and Table VIII sum- 
marizes the results. 
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TABLE VIII 
Drill Sampling Gold-Silver Allot Low in Gold and Base 



FinenesB 


1st 
Drill 


2nd Drill 


SrdDriU 


Fineness 


1st 
Drill 


2nd DriU 


3d Drill 


4th Drill 






T B 


T 


B 






T 


B 


T B 


T 


B 


290.2 






2 




290.6 














.6 


1 


1 


2 




.9 














.7 




1 


2 




1.1 




1 










.8 




1 


2 




.5 














.9 




2 


2 




.9 




2 










1.0 






3 




2.0 




2 






1 




.1 


1 


1 


1 




.1 


2 












.2 




2 






.2 




2 




2 


2 




.3 




2 


1 




.3 


1 


1 






3 


1 


.4 


2 


2 1 




2 


.4 




2 


1 


4 


2 


3 


.5 


4 


1 






.5 


3 


2 


2 




3 


3 


.6 


2 


1 




2 


.6 


4 


f 


4 




1 


2 


.7 


2 








.7 




1 


4 


« 


1 


3 


.8 








1 


.8 




1 


1 




1 




.9 


1 


1 




1 


.9 












2 


2.0 








1 


3.0 






2 


1 1 






.1 




1 






.1 








4 1 


1 




.2 


2 


2 






.2 




1 




4 






.3 




2 




1 


.3 








2 






.4 




1 3 






.6 








1 






.5 




1 






.9 








1 






.7 




1 




1 
















.8 




1 




2 
















.9 








1 
















3.0 




1 




1 
















.1 








1 
















Total 


16 


14 15 


15 


14 




16 


15 


14 


13 14 


15 


14 


Silver 




670 














671 







On the other hand, a ductile bar 778 fine in gold with only 9 base 
yielded unsatisfactory results for this grade of metal. This bar 
weighed over 1500 ounces and was drilled topi and bottom, the 
drillings being mixed for one sample. Being ductile it was chipped 
twice top and bottom at the mint of redeposit. These six samples 
were kept separate. The bar was remelted with a loss of .38 
ounces, and two dip samples were taken. The cold bar was again 
drilled, top and bottom. These eleven samples were assayed in 
four service laboratories and Table IX summarizes the results 
reported. 
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TABLE IX 
Samplino Dtjctilb Gold-Silver Allot, Low in Base 





l9t 

DriU 


2iidDrUl 


l8t Chip 


2nd Chip 


Remelt 




Drill 


Dip 






T B 


T B 


T B 


T B 


T B 


777.2 
.3 
.5 
.6 
.7 
.8 
.9 

8.0 
.1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 

9.0 


1 

1 

1 
1 

1 

3 
3 

1 


3 2 
1 4 

4 3 
1 2 

1 


1 

1 

2 2 
2 3 

1 
1 
2 
1 

1 


1 
2 

3 

I 
3 
3 

1 


1 

1 

2 

2 

2 2 

2 

2 3 
5 
2 


1 
3 
2 5 
6 1 
1 2 
1 
1 


Total 
Silver, 212.5 


12 


10 11 


6 11 


6 10 


12 12 


11 12 



The following case exhibits what is probably the very best 
agreement between various samples and between an assay office 
and a mint that it is possible to attain imder everyday working 
conditions: 

A deposit of approximately 3000 oimces was melted in the assay 
office and two dip samples were taken. It was cast into three 
bars and two chip samples were taken from each bar. At the mint 
of redeposit two chip samples were cut out from each bar. The 
mint samples were forwarded to the Bureau and thence sent to 
the assay office and afterwards returned to the mint to be assayed, 
neither institution being informed what the samples were. 

In all, ten samples were taken from this deposit, and 47 assays 
were made at the two institutions. Table X summarizes the 
assays reported. 
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TABLE X 

Agreement op Assays on Various Samples at Two Institutions 

1 assay showed 875.5 fine in gold 



1 assay showed 
4 assays showed 
4 assays showed 
14 assays showed 
12 assays showed 
6 assays showed 
4 assays showed 
1 assay showed 

47 



.6 fine in gold 
.7 fine in gold 
.8 fine in gold 
.9 fine in gold 
6.0 fine in gold 
.1 fine in gold 
.2 fine in gold 
.3 fine in gold 



If we eliminate the results that were reported only once each, 
we have M assays ranging from 875.7 to 876.2. This deposit 
might, therefore, be properly reported by either institution at 
either 875.75 or 876. It did not contain over four base. 

On three bars the purchasing office took chip and dip samples 
and on a fourth bar took dip and drill samples. The mint of re- 
deposit cut two chip samples from each bar. These samples were 
assayed in various service laboratories and Table XI siunmarizes 
the results on the various styles of samples. 

TABLE XI 

Sampling in Various Wats with Satisfactory Agreement 



^^mp Chip Chip 


n™^ Dip DriU Chip 


^'f.t Dip Chip Chip 


'^ Dip Chip Chip 


861.4 1 


2 


895.1 1 




2 


858.5 1 


1 


883.2 1 


.5 


1 


.2 




3 


.7 1 




.3 2 


.7 1 1 




.3 


1 


4 


.9 


1 


.4111 


.8 4 


1 


.4 1 




2 


9.0 1 3 


1 


.5216 


.9 3 1 


4 


.5 1 


2 


1 


.11 1 


2 


.6 1 


2.0 3 3 


6 


.6 1 


1 


2 


.2 3 3 


7 


.7 1 4 


.13 1 


3 


.7 2 


2 


1 


.3 1 1 


2 


.8 5 4 


.2 1 1 




.8 3 


3 




.4 3 


1 


.9333 


.3 2 1 




.9 3 


4 




.5 5 1 




4.0 3 2 1 


.4 1 




6.0 1 
.1 1 
.2 


1 


1 


.6 3 

.7 1 


3 


.1 1 

.2 1 


Totalsl4 13 


17 


14 


14 


16 


16 13 


18 


14 14 19 


Silver 134 






98 




137 




113 



On three bars the purchasing office took dip and drill samples 
and the mint of redeposit took top and bottom drill samples. 
These samples were assayed in various service laboratories and 
the results are summarized in Table XII, showing a considerable 
amount of agreement between the chips and the drills taken at the 
separate offices but a better agreement is desirable. 
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TABLE 


XII. 


Dip 


4ND Deill Samples Partially Satispactobt 


Fineness Dip 


DriU 


Drill 


Fineness 


Dip 


Drill 


Drill 


Fineness Dip 


Drill 


Drill 


822.4 


1 






973.4 




1 




972.1 




1 




.7 


1 






.5 




1 




.2 


1 


1 




.8 






2 


.6 






1 


.3 


3 




3 


.9 


1 


1 


1 


.8 




1 


1 


.4 


4 


1 




3.0 


3 


1 


2 


4.0 






2 


.5 






1 


.1 


3 


2 


1 


.1 




1 




.6 


3 


1 


1 


.2 


2 


4 




.2 


2 




2 


.7 


1 




2 


.3 




3 


1 


.3 


2 






.8 






2 


.4 


1 


2 


4 


.4 


1 




1 


.9 




1 




.5 


1 






.5 


2 


1 


2 


3.0 




2 


2 


.6 






2 


.6 


1 






.1 




3 




.7 




1 


1 


.7 




1 


2 


.2 


1 






.8 






4 


.8 


3 


2 


4 


.3 


1 


1 


1 


.9 






1 


.9 


1 




2 


.4 




1 


1 


4.1 






1 


5.0 
.1 


1 


4 
1 


1 


.5 
.6 






2 
1 










.2 




1 


2 


.8 




1 


1 










.3 


1 




1 


4.3 
5.7 




1 


2 


Totals 


13 


14 


20 




14 


14 


21 




14 


14 


19 


Silver 




162 








4 






Practically 


none 



On four bars the purchasing office took dip and drill samples 
and the mint of redeposit cut two chips from each bar. These 
samples were assayed in various laboratories in the service and 
Table XIII summarizes the results reported, showing the chip 
samples to be unsatisfactory. 





TABLE XIII. 


Chip Samples Unsatisfactory 






Fine- „. 
ness D'P 


Drill Chip 

1 


^st Dip DriU Chip 


^°°" Dip Drill Chip 


Fine- 
ness 


Dip DriU Chip 


821.8 


892.3 


1 


898.0 1 


820.7 


1 




2.3 


3 


.6 


2 


.1 4 


.8 




2 


.5 


1 


.7 


5 


.2 2 


.9 




2 


.6 


1 


.8 


2 


.3 1 3 


1.0 


4 


1 


.7 2 


1 1 


.9 1 


4 


.4122 


.1 


1 




.9 


1 


3.1 


2 


.6121 


.2 


2 




3.0 1 


1 2 


.2 1 


1 1 


.7 3 1 


.3 


1 




.1 4 


3 3 


.3 4 


2 1 


.8221 


.4 


3 


2 


.2 3 




.4 


1 


.9 3 3 


.5 


1 


1 


.3 1 


2 


.5 5 


4 


9.0 3 2 


.6 




1 


.4 


1 1 


.6 3 




.11 1 


.7 


1 


3 1 


.5 4 


2 1 


.7 


1 1 


.4 1 


.8 


1 


3 1 


.6 1 


3 2 


.8 


1 


.8 1 


.9 




2 






.9 


1 


.9 1 


2.0 
.1 
.5 




1 2 
2 

1 


Totalsie 


13 17 


14 


13 17 


14 14 1 




15 


13 12 


Silver 


160 




97 


887 






172 
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On three bars the purchasing ofl&ce took dip and chip samples 
and the receiving mint cut two chips. These samples were assayed 
in various laboratories in the service and Table XIV summarizes 
the results reported, showing that the mint chip samples were 
entirely unsatisfactory. 

TABLE XIV 
Second Chip Samples Unsatispactoht 



Fineness 


Dip 


Chip 


Chip 


Fineness 


Dip 


Chip 


Chip 


Fineness 


Dip 


Chip 


Chip 


879.8 






1 


890.3 






1 


867.6 






1 


80.0 






1 


.5 






2 


.8 






1 


.1 






2 


.6 






2 


8.1 






2 


.6 






1 


.8 








.2 






1 


1.3 






1 


.9 








.3 






1 


.4 






1 


1.0 








.5 






4 


.5 






2 


.1 








.6 






4 


.6 






1 


.2 








.7 






1 


.7 






2 


.3 




2 




.8 




1 




.9 




1 




.4 


2 






9.0 




1 


1 


2.0 




1 


1 


.5 




2 




.3 


1 






.1 






1 


.6 


4 


1 




.5 




1 




.2 




2 




.7 


5 


1 




.6 


1 


s 




.3 


2 


3 




.8 


2 


4 




.7 


1 


1 




.4 


3 


1 




.9 




5 




.8 


2 


1 




.5 


2 


4 




2.0 


4 


1 




.9 


1 


1 




.6 


2 




1 


.2 


1 


3 




70.0 


1 


2 




.7 


4 






.3 




1 




.1 


3 


1 




.8 




3 












.2 


1 


2 




.9 


2 














.3 


4 


2 




3.0 


3 


1 












.4 


1 






.1 


1 


1 












.5 


2 


1 




.2 




1 












.6 
.7 
.9 
1.0 
.1 


1 

1 
1 

1 


s 

2 




Totals 


19 


18 


15 




18 


20 


14 




22 


21 


16 


Silver 




90 








98 








95 





A very complete set of samples from five bars contained in one 
shipment made by a purchasing office to a mint for redeposit 
shows what may happen under everyday working conditions in 
handling moderate grade bullion. Everything considered, the 
first set of samples may be taken as fairly satisfactory, but the 
last set is totally unsatisfactory. At the office of purchase two 
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dips and two drills were taken from each bar. At the mint of 
redeposit two drills and two chips were taken. Each one of these 
eight samples on each bar was assayed in various service laborato- 
ries and Table XV summarizes the results reported, the assays on 
each set of two samples being grouped. 



TABLE XV 
Sampling Ffve Bars of Miscellaneous Buluon 



Fineness Dip Drill Drill Chip 


Fineness Dip Drill 


DriU 


Chip 


Fineness Dip DriU 


Drill 


Chip 


630.3 




1 


1 




755.0 






1 


1 


544.2 








1 


.4 




1 




1 


.1 






1 




.3 








1 


.5 








2 


.2 








2 


.6 








1 


.6 


3 








.3 






1 


2 


.7 








1 


.7 


1 


1 


2 


3 


.4 






3 


2 


.9 








1 


.8 






2 


1 


.5 






1 




5.0 








2 


.9 


2 


1 


2 


1 


.6 






1 


4 


.1 






1 


1 


1.0 


2 


2 


2 


2 


.7 








1 


.2 








1 


.1 


3 








.9 






1 




.3 








2 


.2 


2 


2 




1 


6.0 






1 




.4 


1 






1 


.3 


1 


2 


1 




.1 






1 


1 


.5 










.4 


1 


2 






.2 






3 


1 


.6 








1 


.5 


1 


2 


1 


1 


.3 










.7 










.6 






2 




.4 










.8 




1 




1 


.7 




1 


1 




.5 
.6 
.7 
.8 
.9 
7.2 
.3 
.4 
.5 


1 
2 
2 
1 
1 
3 
1 
2 
1 


1 


1 

1 




.9 
6.0 
.1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 
7.0 
.2 
.3 


2 
2 
3 
1 
1 
3 
2 
1 

2 


2 
1 
2 
2 
1 
1 
1 

2 






Totals 


16 


15 


14 


12 




14 


12 


16 


14 




18 


13 


14 


14 


Silver 




330 








203 








444 
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TABLE XV— Continued 
Sampling Fivb Babs of Miscellaneoxts 



Fineness 


Dip 


DriU 


DriU 


Chip 


FineneBS 


Dip 


Drill 


Drill 


Chip 


549.4 








1 


568.5 








1 


.7 








1 


9.6 








1 


50.5 








1 


573.9 








1 


1.0 








1 


4.6 








1 


.4 








1 


5.4 








1 


.7 








2 


.7 








1 


.8 








1 


6.4 








1 


.9 


1 




1 




.5 








1 


2.1 


1 






2 


7.0 








2 


.2 






1 




.2 








1 


.3 








1 


.3 






1 




.5 






1 


1 


.4 








1 


.6 


1 




3 




.6 






1 




.7 


3 




2 


1 


.8 






1 




.8 


2 


1 


1 




.9 






1 




.9 


4 


4 


3 




8.0 






2 




3.0 


2 








.1 






1 




.1 


4 


5 


1 




.3 


1 








.2 


3 


3 






.4 




1 






.3 




3 






.5 




1 


1 




.4 




1 


1 




.6 




3 


2 




.5 


1 








.7 


3 


2 


2 


1 


.6 






2 




.8 
.9 
9.0 
.1 
.2 
.3 
.4 
.5 
.6 
.7 


3 

4 
4 

1 
2 
1 

1 


1 
2 
1 
3 
1 

1 

1 
1 


1 
1 


1 


Totals 


22 


17 


16 


13 




20 


18 


14 


14 


Silver 




410 










335 







A small bar resulting from melting up scrap material has a 
most interesting and instructive sample history. The bar weighed 
a trifle over 31 ounces and was shipped from the assay office at 
826 fine in gold. At the receiving mint it was drilled top and bot- 
tom and while the assays on these samples agreed fairly well, yet 
they averaged considerably below 826. The bar was again drilled 
top and bottom and these samples yielded very erratic assays. 
The bar was then melted and two dip samples were taken. The 
solid bar was again drilled top and bottom. These eight samples 
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were assayed in four service laboratories and Table XVI summa- 
rizes the results reported. 



TABLE XVI 
Sampling a Small Unsatisfactory Bab 



Fineness 




DriU 






Drill 




Remelt 






T 


B 




T 


B 


T 


Drill 
B 


1st 


Dip 

2A 


823.0 




















.5 




















.7 




















.9 




















4.3 




















.4 










2 










.7 




1 
















5.1 
















1 


2 


.2 




2 




1 












.3 




1 




1 








1 




.4 


2 


2 












1 




.5 


4 


2 
















.6 


2 


2 








1 




3 


1 


.7 


1 












1 




1 


.8 


1 






1 






3 


3 




,9 








1 






1 


1 


1 


6.0 


1 


1 




1 




2 




3 




.1 












1 


1 






.2 












2 


2 




2 


.3 








2 






1 




2 


.4 












1 






1 


.5 








1 




1 






2 


.6 








2 




2 








7.0 








1 












Totals 


11 


11 




11 


7 


10 


9 


13 


12 


Silver 






143 















On three bars drills were taken from diagonally opposite comers 
on top of the bar and also near the center of the bar. The other 
two corners were drilled from the bottom of the bar and a drill 
was taken near the center of the bottom. All the top drills were 
mixed to make one sample and all of the bottom drills to make 
another. These samples were assayed in two laboratories and 
Table XVII summarizes the results reported, to which are added 
for comparison dupUcate assays of two dip samples of each bar 
made in one of the laboratories. 
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TABLE XVII 
Sampling by Top and Bottom Deills 





1st Bar 






2d Bar 






3d Bar 




Fineness 


Bottom 


Top 


Fineness 


Bottom 


Top 


Fineness 


Bottom 


Top 


883.7 


2 




884.8 


3 




888.7 


1 




.9 


4 




.9 


3 




.8 


1 




884.0 


1 




885.0 


4 




.9 


1 




.1 


6 




.1 


3 




889.0 


2 




.2 


3 




.2 


3 




.1 


3 




.3 


1 




.3 


1 




.2 


2 




.4 


1 




.4 


5 




.3 


1 




.5 


1 




.5 


2 




.4 


2 




.7 




1 


.6 


1 




.5 


2 


1 


885.1 




5 


.7 


1 




.6 


1 




.2 




2 


886.2 




4 


.7 


1 




.3 




1 


.3 




3 


.8 


3 




.4 




3 


.5 




6 


890.0 




2 


.5 




2 


.6 




4 


.1 




3 


.6 




4 


.7 




1 


.2 




2 


.7 




2 


.8 
887.0 




1 
1 


.3 
.6 

891.1 
.3 
.4 
.6 
.7 
.8 
.9 

892.2 




1 
2 

2 


Totals 


19 


20 




26 


20 




20 


20 



)ip Sam 


pies 


Dip Samples 


Dip Samples 


840.0 


3 


885.3 1 


889.1 2 


.1 


1 


.4 1 

.5 1 
.7 1 


.2 2 



With the exception of the single assay at 889.5 on the third bar, 
all the top assays are above the highest bottom assay on each bar. 
All the top assays are above the dip assays in each one of these 
cases. Each one of the bars was less than five fine in silver. 

As a general proposition a drill sample will often be better and 
more satisfactory than a chip sample simply because it represents 
a larger volume of the metal, but a drill sample of a brittle bullion 
may be open to a serious objection because the fine particles of the 
sample are generally liable to be quite different in composition 
from the coarse portions, so that even if the drill sample as a whole 
should be fairly representative of the bar, yet it would be necessary 
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to have the half gram weighed up for the assay composed of fine 
and coarse material in just the same proportions as the whole 
sample. Manifestly this will seldom be the case. 

Drill samples of two closely related bars were sifted on an 80- 
mesh screen and jdelded the following results: 

lot Bullion 2nd Bullion 

Coarse 290.3 fine 291.4 fine 

Portion .4 fine .5 fine 

Fine 287.8 fine 290.1 fine 
Portion 

Two other drills of these same bars were sifted. The portion 
between 20 and 40 mesh and that finer than 60 mesh were assayed 
with the following results: 

lat Bullion 2nd Bullion 

20-40 mesh 290.4 fine 291.9 fine 

1.9 fine 2.3 fine 

60 mesh 289.6 fine 290.3 fine 

90.3 fine .8 fine 

Two other bullions treated like the last illustration showed: 

1st BuUion 2nd Bullion 

20-40 mesh 351.7 fine 573.2 fine 

.9 fine .4 fine 

60 mesh 350.2 fine 566.6 fine 

.5 fine 7.3 fine 

An entirely different bullion sifted differently showed: 

40-60 mesh 585.3 fine 100 mesh 584.6 fine 

.4 fine .7 fine 

A rich bullion sifted like the last showed: 

40-60 mesh 889.2 fine 100 mesh 887.8 fine 

.2 fine 

Five samples of a bullion which had given discordant assays 

were subjected to sifting tests and the resulting samples assayed. 

Four drill samples were sifted on 100 mesh, when the coarse and 

fine portions yielded the following results: 



A 
Coane 


Fine 


B 
Coarse 


Fine 


C 
Coarse 


Fine 


D 

Coarse 


Fine 


615 
617 


612.7 
614.4 


615.3 

.9 

617.9 


612.2 

.3 

613.7 


613.9 
615.1 


612.9 
613.1 

614.1 


612.8 
616.6 


608. 

609.4 

610.5 



Just over a gram of the small pieces of a dip sample was crushed 
and assayed in duplicate. Coarser pieces were crushed and sifted 
on 80 mesh. The three samples yielded the following results: 



Whole Dip Sample Crushed Dip Sample 

Coarse Fine 

614.8 614.8 614.8 

615. 615.2 .9 
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This bullion carried bismuth. 

No class of bullion has given assayers the world over so much 
trouble as the so-called cyanide bulUon. Not all bullion produced 
by cyanide mills is troublesome. Hundreds of bars produced by 
such mills have passed through our mint service without the slight- 
est trouble. It is easy enough to produce a high-grade refined 
bar from the zinc-box precipitate, but when this precipitate is 
melted direct and put into bars without proper refining there is 
liable to be no end of trouble with the assays. Unfortunately, 
too, in some instances the precipitate is not as thoroughly cleaned 
from zinc before drying as it might be. These dirty unrefined bars 
are the ones that are usually spoken of as cyanide bars with so 
much disparagement. 

Over 15 years ago Roberts-Austen' gave a startling illustration 
of the difficulties and imcertainties of assaying this class of bulUon. 
A bar weighing 393 ounces was sampled and assayed in the usual 
manner and paid for at £965. The gold from this bar was separated 
and refined by itself and was found to be worth £1028. This 
meant a loss of £63 or over $300 to the former owner of the bar. 

It is generally assumed that the zinc remaining in the bullion 
is the cause of the trouble but no clear and systematic explanation 
of its action has yet been given. It is quite probable that its 
action differs in different bullions according to the presence or 
absence of other metals and is complex. I have for instance pub- 
lished'' 50 assays made in eight laboratories on a synthetic buUion 
approximately 590 fine in gold, 245 fine in silver, 130 fine in zinc, 
with a little copper and a very little lead, which ranged from 588.9 
to 589.9 fine in gold. Clearly the zinc did not seriously interfere 
with the actual assaying in this case. 

I have also published' 207 assays made on three bars of bullion 
produced in the celebrated Mercur mill showing widely varying 
assays. By a qualitative analysis, this bullion was found to carry 
both cadmium and nickel, and four other bullions from cyanide 
mills in Montana showed these metals. At present I am carrying 

•Annual Report Deputy Master and Comptroller of the Mint, No: 27, 1896, 
p. 38. 

^Trans. Am. Inst. Mining Engineers, Vol. XL, p. 794. 
Annual Report Director of the Mint, 1908-9, p. 34. 
'Engineering and Mining Journal, Vol. XCIII, p. 733. 
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on, as occasion permits, a series of test assays on synthetic alloys 
of gold, zinc and cadmium. 

From our tests in sampling cyanide bullion I am satisfied that 
much of the variation ordinarily shown by the assays on this class 
of bullion is due to differences in the samples arising from the effect 
of the zinc upon the physical structure of the metal, but aside 
from this there are many cases where the composition of the metal 
directly affects the assay work itself. 

The illustrations of top and bottom drillmg given in Table XVII 
are from cyanide bars. Five of these samples show that individual 
samples of cyanide bullion may give fairly satisfactory results, 
but that two such samples from the same bar may leave the ques- 
tion of the actual content of gold in the bar in doubt. 

Again three bars from the same mill were sampled by dips twice 
each and the six samples were assayed in various laboratories in 
the service, giving widely varying results and showing the effect 
of the composition of the metal upon the actual assaying. Table 
XVIII summarizes the results reported. 

TABLE XVIII. Effects of Composition upon the Assay Work 



Fineness 


1st Dip 


2nd Dip 


Fineness 


1st Dip 


2Qd Dip 


Fineness 


Ist Dip 


2nd Dip 


784.9 




1 


816.6 




1 


821.9 


1 




5.2 




3 


.8 




2 


2.0 


2 




.3 


1 




7.0 




1 


.2 


3 




.4 


3 


1 


.2 




1 


.3 


2 


2 


.5 


2 


1 


.3 


1 




.4 


1 


3 


.6 


1 


2 


.4 


2 


1 


.5 


1 


2 


.7 


3 




.5 


1 




.6 


2 




.8 


1 




.6 


3 


2 


.7 


2 




.9 


2 


3 


.7 


2 




.8 


4 


1 


6.0 


1 


1 


.8 


1 


1 


.9 


1 




.2 


1 




.9 


2 


3 


3.0 




2 


.3 




1 


8.0 


1 


1 


.1 




3 


.5 


1 




.1 


3 




.2 


1 


2 


.6 


1 


2 


.2 




2 


.5 




1 


.8 




1 


.3 


1 


1 


.6 




2 


7.0 


1 


3 


.4 
.5 
.6 
.7 
.8 
9.0 
.1 
.2 
.3 


1 

1 

1 

2 


2 
2 

1 
1 
1 

1 

1 


.7 




1 


Totals 


18 


19 




22 


25 




2 


19 



These bars range from 5 to 10 fine in silver. 
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Three bars deposited at one time by a cyanide mill furnish an 
excellent illustration of the general condition in handling this class 
of buUion. Two drills and two dips were taken from each bar and 
the 12 samples were sent to various laboratories in the service for 
assay. Table XIX summarizes the results reported, together with 
the original assays at the office of deposit, the assays on each kind 
of sample being grouped. 

TABLE XIX. Sampling Cyanide Bitllion 





Ist Bar 






2nd Bar 






Srd Bar 




rineneas 


DriUs 


Dips 


Fineness 


Drills 


Dips 


Fineness 


Drills 


Dips 


826.9 


1 




816.9 






831.5 


1 




7.2 


2 




7.2 






2.1 




1 


.3 


1 




.3 






.3 




3 


.4 


1 




.5 






.4 




1 


.6 


1 




8.3 




1 


.6 




1 


.7 


3 




.4 






.8 




2 


.8 


1 




.5 






.9 




1 


8.3 




1 


.6 






3.0 




4 


.4 


2 




.7 






.1 




3 


.5 


4 




.8 






.3 




2 


.6 


1 


1 


.9 






.4 




3 


.7 


1 


4 


9.0 






.5 




6 


.8 


2 


1 


.1 


2 




.6 




1 


9.0 


1 


3 


.2 






.7 




1 


.1 


2 


2 


.3 






.8 




1 


.2 


3 


3 


.4 






.9 




1 


.3 


1 


5 


.5 


1 


3 


4.0 




2 


.4 


1 


2 


.6 


2 


3 


.1 




2 


.5 


1 


5 


.7 




2 


.4 




1 


.6 


1 


3 


.8 




2 


.7 






.7 




1 


.9 




4 


5.0 






.8 




3 


820.0 


4 


4 


.4 






.9 


2 


1 


.1 




1 


.5 






830.0 




4 


.2 


2 


2 


.6 






.1 




1 


.3 




2 


.9 






.3 




1 


.5 




1 








.4 


1 




.6 


1 


2 








.5 




1 


.7 


2 


1 








.8 


1 




.8 
.9 

1.0 
.2 
.4 
.5 
.8 

2.1 


2 
2 


1 








Totals 


34 


42 




34 


40 




23 


36 



AH of these bars carried less than 5 of silver. 

In one office receiving a great deal of high-grade bullion it is the 
general experience that the chip samples will run somewhat below 
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the dip samples on this rich material. Illustrations already given 
show that there is no fixed relation generally exhibited between the 
dip and drill samples as to the content of gold. Where many bars 
of practically miiform composition are drilled in accordance with 
a well-designed plan, a more or less fixed relationship between the 
drill and dip assays might appear. Such a plan was developed 
at one time for certain deposits at one of our mints. 

TABLE XX. Sampling Cyanide Bullion by Drills and Dips 





Ist Bar 






2nd Bar 




Fineness 


DrUls 


Dips 


Fineness 


Drills 


Dips 


894.7 


1 




905.6 


1 




.8 


2 




6.1 


2 




5.0 


1 




.2 


2 




.2 


1 




.6 




1 


.3 




1 


.8 


1 


1 


.5 


1 




.9 


1 




.7 




1 


7.0 


1 




.8 


2 


2 


.1 


1 


1 


.9 


1 




.2 




2 


6.0 


1 




.3 




2 


.1 


1 


1 


.4 




2 


.2 


2 


1 


.5 


1 


2 


.3 


3 


3 


.6 




2 


.4 


2 


1 


.7 


2 


4 


.5 


2 


3 


.8" 


1 


2 


.6 


3 


1 


.9 


2 


5 


.7 


2 


3 


8.0 


2 




.8 


1 


2 


.1 


1 




.9 


1 


2 


.3 


1 


1 


7.0 


1 




.4 


2 




.1 




1 


.5 


2 




.2 




1 


.7 


1 


1 


.5 


1 




.9 


1 




8.0 


1 




9.0 


1 




.1 


2 




.4 


1 




.6 


1 




.5 


3 




.7 


1 




.6 


2 




9.2 


1 




.7 


1 




.4 


1 




.8 


1 




.6 


2 




.9 


1 




.8 


3 




10.3 
.4 
.5 
.7 
.8 

1.0 
.4 
.8 
.9 

2.0 


2 
1 
1 
1 
1 
1 
1 
1 
1 
1 




Totals 


41 


23 




46 


26 
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The foregoing table shows that with cyanide bars a drill sample 
may give much higher assays than a dip sample. On the first bar 
13 assays of the drill samples are above the highest assay on the 
dip samples and on the second bar 22 drill assays exceeded the high- 
est dip assays. Two cyanide bars, each weighing about 850 
ounces and practically free from silver, were drilled top and bottom 
and these four samples, together with four corresponding dips, 
were sent to various service laboratories for assay. Table XX 
summarizes the results reported, together with the original mint 
assays, the assays on each kind of sample being grouped. 

Undoubtedly much of the trouble with these cyanide bars would 
be avoided by a better cleaning of the zinc-box precipitate. It is, 
however, easy enough to refine the impure bulUon by strongly 
oxidizing fusions in the crucible, but this is expensive in labor and 
reagents and there is some loss of gold. I have previously pub- 
lished^ an illustration of this. 

A cyanide bar weighing 643.30 ounces was melted with a loss 
of 6.07 oimces and 10 assays on various kinds of samples were made 
with the following results: 

1 assay showed 844.6 fine in gold 
1 assay showed 6.3 fine in gold 

1 assay showed .6 fine in gold 

2 assays showed 7.0 fine in gold 

1 assay showed .2 fine in gold 

2 assays showed .6 fine in gold 
1 assay showed .8 fine in gold 
1 assay showed 8.0 fine in gold 

10 

The bar was melted seven times when it weighed 502.01 ounces, 
showing a total loss of 141.29 and an estimated loss of 3.75 ounces 
of gold. Eight assays were made on various samples of the final 
metal with the following results: 

1 assay showed 933.2 fine in gold 

2 assays showed .3 fine in gold 
2 assays showed .4 fine in gold 

1 assay showed .5 fine in gold 

2 assays showed .7 fine in gold 

8 
The final bar was 21 fine in silver. 

'Trans. Amer. Inst. Mining Engineers, Vol. XL, p. 789. 
Annual Report Director of the Mint, 1908, 9, p. 31. 
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A great deal of old scrap material of the most heterogeneous 
character is pm"chased at some of our offices and many of these 
deposits are small. On these small bars the question of sampling 
and assaying is not so important, but before the purchasing offices 
ship these small deposits to a mint they are united into mass melts 
when difficulties may appear in the sampling and become impor- 
tant. Nine small bars were united to make a mass melt of 338 
ounces. Dip and drill samples were taken at the purchasing office 
and the bar was drilled, top and bottom, at the receiving mint. 
These samples were assayed in various service laboratories and 
Table XXI summarizes the results reported. 



TABLE 


XXI 




Sampling Mass Melt 




Fineness Dip 


DriU 


DriU 


500.7 




1 


.8 




1 


1.1 




1 


.7 




1 


.8 




2 


.9 1 






2.0 


2 




.1 


1 




.4 4 




2 


.5 




2 


.6 




2 


.8 1 




1 


.9 1 


1 


1 


3.0 1 


1 


1 


.1 


2 


1 


.2 


1 




.4 


2 


1 


.5 1 






.6 


2 




.7 1 






.8 




1 


.9 2 


1 




4.0 




1 


.2 




2 


.7 1 


1 




Totals 13 


14 


21 


Silver 


225 





What is probably the very worst case of disagreeing samples 
and assays ever investigated by the Mint Bureau was afforded by 
a bar weighing 774.39 ounces carrying nearly 400 base, largely 
copper, which was shipped to a mint as being 568 fine in gold. 
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Three sets of drills, top and bottom, were taken, and proving very- 
unsatisfactory the bar was remelted with a loss of 4.6 ounces. 
Two dip samples were taken and the bar was again drilled, top and 
bottom. These ten samples were assayed in four laboratories in 
the service and 113 assays were made. Table XXII summarizes 
these assays. 

TABLE XXII 
Sampling Bar 400 Base, Largelt Copper 









BAR 






1 




BEMELT 






Fineness 


lat Drill 


2nd Drill 


3rd DriU 1 


B^ieness 


Drill 




Dip 




T 


B 


T 


B 


T 


B 




T 


B 


A 


B 


564.7 












1 


571.2 




2 






5.3 












1 


.3 




1 






.6 










1 




.7 




1 






6.2 










2 




.8 


1 








.4 










1 




.9 








1 


7.0 










1 




2.0 


1 


1 


1 




.1 




1 






1 




.6 




2 


1 


1 


.4 












2 


.8 


1 




1 




.5 




1 










3.0 




1 






.6 










1 


1 


.2 


1 


2 






.8 


1 












.5 


1 






1 


8.0 












1 


.6 






1 




.3 




1 










.7 




1 






.4 




1 










.8 




1 


1 




.5 




1 










.9 


1 




2 


1 


.6 




1 










4.0 


2 




2 


1 


.7 


1 






1 






.1 


1 




1 


1 


.8 


1 






1 






.2 


1 








9.1 




1 










.3 


1 




1 


1 


.2 




2 










.4 


1 






1 


.4 


3 


1 










.6 






1 


1 


.5 




1 


1 








.8 






1 




.6 








1 






5.0 






1 


2 


.7 


1 


1 




1 






.5 








1 


.8 






1 








.7 








1 


.9 






1 








6.0 








1 


570.0 








2 
















.1 


1 






















.2 


1 




2 


















.3 








1 
















.4 






1 


















.5 


1 






1 
















.6 


2 




2 


















.7 






2 


1 
















.8 








1 
















.9 






1 


















1.0 








1 
















.3 








1 
















Totals 


12 


12 


11 


12 


7 


6 




12 


12 


14 


14 
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The presence of so much copper in this metal undoubtedly 
afifected the actual assaying as well as the sampling of the bar. 

In describing the taking of dip samples I have spoken of the 
molten metal being "well mixed." This condition is absolutely 
essential to proper sampling. It is quite possible that in some of 
the cases already mentioned the molten metal had not been thor- 
oughly mixed when the samples were taken. In the following 
case the molten metal certainly was not well mixed. 

Two dip samples were assayed in duplicate by the writer, show- 
ing a decided difference between the two samples. On a reassay 
in duplicate the same difference appeared. Each sample was also 
assayed once in two other laboratories. Table XXIII siunmarizes 
the results. 

TABLE XXIII 
DiFFEBma Dip Samples 





1st Sample 


2nd Sample 


Bureau 


615.6 fine 


612.8 fine 




6.0 fine 


.8 fine 


Reassay 


615.6 fine 


611.5 fine 




6.3 fine 


.1 fine 


2nd Laboratory 


615.3 fine 


612.2 fine 


3rd Laboratory 


615.5 fine 


611.9 fine 



Many melters, samplers, and assayers have an idea that un- 
satisfactory chip and drill samples can be corrected by simply 
melting the bar and taking fresh samples. There are, of course, 
cases where there was carelessness in the original melting and 
sampling which can be cured by careful remelting and resampling, 
but in a vast majority of cases simple melting does little or no good. 
If there is a real difference of importance between two chips or 
two drills or between chips and drills of the same bar, it is due to 
the fact that the metal segregates on solidifying. This is a func- 
tion of the chemical composition of the metal and, imder practical 
conditions, a remelting which does not materially change the 
composition can accomplish very little in reducing the segregation. 

If the chemical composition of the metal is such that it inter- 
feres with the actual assay work, manifestly a remelting which 
does not change the composition of the bar will accomplish no 
good. 

It therefore follows that when the assay reports on an ordinary 
bar of miscellaneous bullion differ so widely as to be unsatisfactory, 
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it should be melted and refined by strong oxidation. This will 
of course reduce the weight of the bar, but the loss in weight is 
nearly all base metal in most cases. The actual loss of gold will 
generally be small, except where a large amoimt, 50 ounces or 
more, of base must be removed as in the case of many cyanide 
bars, when the loss may become considerable. In the case already 
cited the removal of 141.29 ounces from a bar weighing originally 
643.30 ounces caused a loss of about 3.75 ounces of gold. 

A bar carrying about 35 silver and weighing 494.26 ounces 
yielded varying assays on the gold and was remelted with a loss 
of .63 ounces. Again the assays were unsatisfactory and it was 
remelted with a further loss of 1.09 ounces but without improve- 
ment in the assays. It was finally melted with a further loss of 
5.20 oimces and still gave unsatisfactory assays. Two dip samples 
were taken at each melting and the eight samples were assayed in 
various service laboratories. Table XXIV summarizes the results 

reported. 

TABLE XXIV 
Dip Samples on Four Meltings 



1st Melt 


2d Melt 


3d Melt 


4th Melt 


Finenesa Assays 


Fineness Assays 


Fineness Assays 


Fineness Assays 


806.0 1 


809.9 1 


812.8 1 


818.3 1 


.1 1 


10.1 2 


3.0 1 


.4 1 


.3 2 


.6 3 


.2 2 


.8 1 


.4 2 


.7 1 


.3 1 


9.1 1 


.5 1 


.8 2 


.6 2 


.2 1 


.7 1 


.9 1 


.7 1 


.3 1 


.8 2 


1.0 2 


.8 1 


.5 1 


.9 3 


.1 1 


.9 1 


.9 1 


7.0 2 


.3 1 


4.2 1 


20.2 2 


.1 1 


.6 2 


.6 2 


.5 3 


.2 3 


.8 2 


.8 2 


.6 1 


.4 2 


2.2 1 


.9 1 


.8 1 


.5 2 


.3 1 


5.0 3 


1.0 1 


.6 3 




.3 1 


.3 1 


.7 2 






.4 2 


.8 3 








.9 1 








8.0 1 








.1 2 








.2 3 








.3 1 








.5 2 








Totals 41 


20 


20 


19 



Another bar carrying about 35 silver and weighing 666.91 ounces 
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was drilled at the ends and in the center and the drills yielded the 
following results: 


End Drills Center Drills 
Fineness Assays Fineness Assays 


664.1 1 
.5 1 

5.5 2 


695.4 1 

7.4 1 

703.0 2 



This bar was remelted and two dip samples were taken, while 
the cold bar was again drilled at the ends and in the center. After 
melting, however, even with the loss of 33.29 ounces the metal 
remained unsatisfactory as shown by the following assays: 



Dips 



Fineness 



Assays 



Ends 
Fineness Assays 



Drills 



Center 
Fineness Assays 



705.5 1 


699.5 


2 


706.7 1 




6.6 1 


.9 


1 


7.9 : 




.8 1 


701.3 


1 


8.9 




7.8 1 


.6 


1 


725.0 ] 




.9 1 


.8 


1 


6.3 ] 




8.3 1 






7. 




.5 1 










.7 1 











From these gold assays the silver cannot be given with any 
exactness but it was probably about 40. 

CONCLUSIONS 

The foregoing data are summarized in the following conclusions : 

In sampling deposits of miscellaneous gold bullion weighing 
over 300 ounces: 

There are various cases where either a chip or a drill sample may 
be satisfactory. 

There are various cases where a drill sample is better than a 
chip sample. 

Where the assayer is acquainted with the metal he may accept 
a chip or drill sample. 

On an unknown bullion it is unsafe to accept any sample except 
a properly prepared dip sample. 

In many cases, particularly of cyanide bullion, the composition 
of the metal interferes with the actual assaying and the bullion 
must be refined before one can expect to determine the gold 
accurately. 



A NEW TECHNICAL METHOD OF SPELTER 
ANALYSIS 

By Eric John Ericson 
Edgar Zinc Co., St. Louis, Mo. 

The subject of spelter analysis engaged the attention of the 
VP Congress in Rome, 1906. Mr. Nissenson, Director of the 
Stolberg Laboratory in Westfalen, Germany, presented an ex- 
haustive paper over the methods employed by them and invited 
other chemists to publish theirs, for comparison and possible 
unification. 

I desire now to present a scheme, involving the application 
of an original method for lead, which, at the same time, effects 
a separation from cadmium. The fundamental reactions were 
described in the Journal of the American Chemical Society, 
September, 1904, and subsequently in the Engineering and Min- 
ing Journal July 25, 1908, and May 22, 1909. The last two papers 
deal also with its application to ores. It is based on the following 
reactions: 

a. Pb(N08)2+4NH40H-|-(NH4)2S208=P602+2NH4N03+ 
2(NH4)sS04+2H20 

b. Pb02+Ha02+2HNOs = Pb(N03)2+2H20+02 

c. 5H202-h2KMn04+6HN03 = 2KN03+2Mn(N03)2-|-8H20+ 
50» 

Hence: 
2KMn04=5H202=5Pb 

5Pb 

Since the theoretical factor = 1.851 gives too low results, 

lOFe 

the empirical factor 1.92 was chosen, — giving results agreeing 
exactly with the standard gravimetric method — whenever a 
preliminary separation of lead is not necessary, and 1.95 for ores 
where such separation is essential. The reason for requiring a 

'Berioht der Internationalen Analysen Kommission an der VI Internatio- 
nalen Kongress f iir Angewandte Chemie in Rom, 1906. Page 50. 
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higher factor than the theoretical is believed due to the lead 
peroxide carrying one-half molecule of water. 

Solution of the spelter sample is effected by dilute hydrochlor- 
ic acid according to Oswald Gunther^ or dilute sulphuric according 
to Nissenson^, until nearly all zinc is dissolved. This procedure 
makes it possible to operate on a large sample and each 0.1 cc. 
of potassium permanganate (0.568 grams to the liter) equals 
0.001% lead, when 19.2 grams spelter is taken. The insoluble 
lead, cadmium and some zinc is filtered off, washed, dissolved in 
nitric acid, diluted, ammonia and ammonium persulphate added 
to peroxidize the lead. After filtering the cadmium may be pre- 
cipitated in the filtrate by hydrogen sulphide. 

The substitution of trichloracetic acid, according to Fox', for 
any one of the mineral acids usually employed in separating 
cadmium and zinc, has been found advantageous, since it is not 
dissociated to the same extent as hydrochloric or sulphuric acids, 
and even rather concentrated solutions do not prevent the com- 
plete precipitation of cadmium. In the case of mineral acids 
the strength must be kept within narrow limits, as is well known. 
A slight excess prevents the complete precipitation of cadmium, 
while insufficient acid causes zinc to be precipitated along and 
makes several re-precipitations necessary. By means of trichlor- 
acetic acid usually only one re-precipitation is called for, un- 
less it is accompanied by more zinc than was aimed at originally 
in dissolving. 

ANALYTICAL METHOD 

Weigh out 19.2 grams of the spelter and place in No. 3 beaker. 
Add 200 cc. ordinary water and 44 cc. cone, hydrochloric acid, or 
100 cc. water and 50 cc. dilute sulphuric acid (1:3); allow to stand 
over night whenever cadmium is to be determined, if lead alone 
is wanted a few hours' time will do. Filter off metalhcs, consisting 
chiefly of lead, cadmium and some undissolved zinc, and wash 
with hot water. Transfer whatever metallics are on the filter 
paper back into the beaker by means of a jet of water. This 
can be accomphshed without loss if done at once before the 

'Ibid 
'Ibid 
'Journal Chem. Soo. London, 1907, page 964. 
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paper gets dry. Now add 10 cc. cone, nitric acid, boil until brown 
fumes cease to come off. Filter and wash if traces of tin or an- 
timony are indicated, which is very seldom the case. If filtered 
and washed the volume mil probably be large enough; if not 
filtered, add 100 cc. distilled water, 30 cc. cone, ammonia and 
5 to 10 grams ammonium persulphate, depending on size of pre- 
cipitate. Should lead be unusually high, say over 1.00%, it is 
best to add half of the persulphate before adding the ammonia. 
Boil five minutes and allow ten more for the precipitate to settle. 
Then filter while still warm through double 11 or 12.0 cm. No. 1 
F filters. Wash four times with a hot 10% ammonia solution 
and five times with hot water. Transfer filter with precipitate 
back into same beaker in which precipitation was made. Add 
25 cc. hydrogen peroxide solution (10 to 50 cc. hydrogen peroxide 
U. S. P. strength to the liter, plus 50 cc. cone, nitric acid). Stir 
until dissolved, add 15 cc. nitric acid, 1.20 sp. gr. plus 75 to 100 
cc. distilled water and titrate the excess of the hydrogen peroxide 
by standard potassium permanganate of the strength indicated 
above. For instance, if 25 cc. H2O2 blank requires 80.0 cc. KMn04 
and the sample 34.5 cc. then the lead equals 80.0 — ^34.5 0.455%. 
If 25 cc. of the HsOs solution should fail to dissolve the lead per- 
oxide, add another 25 cc. and double the blank. The accompany- 
ing samples taken from practice, shows that a new method checks 
exactly with the long chromate method: 





Ericson 




Gravimetric' 




method 




as chromate 


Refined spelter 


0.052% 1 


lead 


0.055% lead 


Refined spelter 


0.082 




0.083 


Refined spelter 


0.043 




0.044 


Prime Western spelter 


0.530 




0.538 


Prime Western spelter 


0.533 
1.272" 
1.283.' 




0.531 


Special spelter 




1.279 


For spelter rather high 


in lead, it will be advisable to check 


the lead factor against a 


standard spelter. 


under identical con- 


ditions. 








'Tilitz. Praktisohe Leitfaden fiir Zinkhutten-laboratorien 


, page 27. 
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CADMIUM DETEKMINATION 

Boil the ammoniacal filtrate from lead until nearly neutral 
and a white precipitate appears, then take off hot plate and add 
40 cc. dilute sulphuric acid 1 : 3 and boil about ten minutes. Add 
water to make the volume about 200 cc. and saturate with hy- 
drogen sulphide gas, adding a little water occasionally. Allow 
the precipitate to settle, filter through double filters and wash 
a few times with water. Redissolve on the filter the cadmium 
sulphide contaminated with zinc sulphide, in as little warm di- 
lute hydrochloric acid as possible and wash with warm water. 
If copper is present, the sulphide remains insoluble on the filter. 
It may be ignited and weighed as CuO. 

The filtrate containing the chlorides of cadmium and zinc 
is nearly neutralized with dilute ammonia and about 8 grams of 
trichloracetic acid dissolved in water added, or enough to dis- 
solve the CdS formed by neutrahzation. Add distilled water 
to about 200 cc. volume and re-precipitate Cd by HaS. Allow 
to settle, filter and determine by any of the usual methods, pref- 
erably as sulphate or phosphate. DupHcate determinations 
usually agree within a few hundreds of one per cent. 

Iron is determined in a separate sample by dissolving 10 grams 
in 75 cc. dilute sulphuric acid and allowed to stand until prac- 
tically all dissolved, then a few drops of platinic chloride added 
to effect complete solution, then titrate with the same standard 
permanganate solution used for lead. Each 0.1 cc. KMn04 so- 
lution equals 0.001% iron on a 10 gram sample basis. 

The method outlined above takes care of the usual constit- 
uents called for in spelter analysis, such as lead, iron and cad- 
mivun. Zinc is taken by difference. Copper, tin and antimony are 
indicated and may also be determined, whenever present. The 
lead method is a marvel of accuracy and gives very concordant 
results. In making this claim, I am aware of recent criticism in 
regard to shortcomings of most analytical methods proposed. 
This one will be found, on investigation, to be a notable exception, 
and its daily use for several years has fully demonstrated its 
reliability. 



A STUDY OF SOME METHODS FOR THE 
DETERMINATION OF ALDEHYDES 

By B. G. Feinbekg 
Columbia University New York N. Y. 



INTRODUCTION 

The great and constantly growing commercial importance of 
aldehydes makes definite methods of analysis of great value. 
It is, therefore, not surprising to note that the literature on the 
subject is quite extensive. Although a considerable amount of 
work has been done in comparing certain of the methods with 
a view to determining the most accurate, it is worthy of note 
that little has been done to determine the general applicability 
of some of the methods nor has a systematic quantitative study 
of the behavior of certain typical aldehydes towards various 
reagents been undertaken. 

On account of the reactivity of the carbonyl group, aldehydes 
are capable of taking part in many reactions. Those which in 
addition to the aldehyde group also have other characteristic 
groups will in turn take part in special reactions peculiar to those 
groups. 

Methods may therefore be classified as general when the char- 
acteristic reactions of the aldehyde group alone are considered, 
and special when the properties of any of the other groups present 
are taken advantage of for purposes of analysis. 

Among the general methods (a) the combination of aldehydes 
with bisulphite; (&) the use of neutral sulphite; and (c) the pre- 
cipitation of aldehydes as hydrazones by means of substituted 
hydrazmes were considered promising and deserving of closer 
study. 

This paper is part of "A Quantitative Study of Some Aldehyde 
Reactions." The study was suggested by Professor H. C. Sher- 
man of Columbia University and was carried out under his direc- 
tion. The writer takes this opportunity for thanking Professor 
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Sherman. He also wishes to mention that part of the work was 
carried out at the Laboraitory of the College of the City of New 
York through the courtesy of the Director. 

PURPOSE AND PLAN 

The part of the work taken up in this paper consists in the 
determination of how quantitative the general methods mentioned 
above are with the following typical aldehydes: 

Formaldehyde, benzaldehyde, salicyl aldehyde, p-oxy benzalde- 
hyde, anisaldehyde, and vanillin. 

The purest material possible was procured, its purity ascertained 
by the application of well-known tests, by redistillation at reduced 
pressure, recrystallization, or sublimation. Also, wherever pos- 
sible the best tested or approved special methods were used as 
checks. 

THE COMBINATION WITH BISULPHITE 

Bertagnini^ in 1853, established the fact that bisulphite com- 
bined with substances of aldehydic nature. In 1892^ this was 
introduced by Schimmel and company, for the determination 
of cinnamic aldehyde in cassia oil. It now plays an important 
part in the valuation of citral and cinnamic aldehyde-containing 
oils. The method of determination consists in treating a known 
volume of oil with sodium bisulphite in a cassia flask, shaking 
well and allowing to stand for some time. The oil is then brought 
up to the graduated portion of the flask, and the volume of un- 
combined oil is read off. The aldehyde present is thus deter- 
mined by difference. 

In 1901, M. Ripper' suggested using a dilute bisulphite solution 
with dilute aldehyde solutions, and determining the excess bisul- 
phite with a standard iodine solution. Ripper uses potassium 
bisulphite and claims good results with formaldehyde, acetalde- 
hyde, benzaldehyde, and vanillin. The method as applied here 
was essentially that of Ripper with the exception that solutions 
of various concentrations were employed. The conditions which 
gave the best results are described below. 

iDie "Atherischen Ole" Semnaler, I, 156. 
'"Atherischen Ole" Gildmeister and Hoffman (23, p. 602). 
•Monatsh, 8, 637. 
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The preponderance of opinion seemed to be in favor of the 
Romijin' iodine method, as the most reliable for commercially 
pure solutions of formaldehyde. It was therefore selected as 
the check method in determining how quantitative the other 
methods were. 

The formaldehyde used was Kahlbaum's piure, which had 
previously shown 33.76 per cent aldehyde by the Blank* and 
Finkenbeiner method. 

More consistent results were obtained with the Romijin method 
when the conditions were modified so as to use twice the amount 
originally recommended. The error in measuring a small amount 
of solution is thus decreased. The conditions as used are there- 
fore as follows: Ten cubic centimeters of a solution of formalde- 
hyde containing about five grams to the half liter were treated 
in a stoppered Erlenmeyer flask with forty cubic centimeters of 
a standard iodine solution about tenth normal, made up with 
thirty-five grams potassium iodide per liter, ten cubic centi- 
meters normal sodimn hydroxide added, and allowed to stand 
fifteen minutes; ten cubic centimeters normal sulphuric acid were 
then added, and the excess iodine determined with about tenth 
normal thiosulphate. By means of a flask, the amount of iodine 
used up by the aldehyde present is ascertained, and from the factor, 
one gram iodine is equivalent to 0.11858 grams formalde- 
hyde, the aldehyde equivalent of one cubic centimeter iodine 
solution can be obtained. The average of fourteen determina- 
tions by this method showed 33.86 per cent aldehyde. 

Solutions of sodium bisulphite were now used upon an aldehyde 
solution of the above mentioned concentration. A three per 
cent bisulphite solution gave results which approached the closest 
to those obtained above with the Romijui method. The figures 
in Table I were obtained by treating 25 cc. aldehyde solution 
containing 5 grams to half a liter, with 25 cc. 3 per cent bisulphite 
solution, in a stoppered Erlenmeyer flask. After standing about 
fifteen minutes, during which a blank is nm, the excess bisulphite 
is titrated with tenth normal iodine and the per cent aldehyde 



'Z. Anal. chem. 36, 18. 
'Ber. 31, 2979. 
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calculated from the iodine equivalent of the formaldehyde^ men- 
tioned above. 

For use with bisulphite, a high grade of commercial benzalde- 
hyde was first distilled at the ordinary pressure and that fraction 
which came over at 178.5°-179°, corrected, using a standardized 
thermometer, was collected and redistilled in vacuum. At 110 
mm. the boiling point of the aldehyde was foimd to be 112.5°, 
corrected. The main portion was then fractionated in vacuum, 
and that part which distilled over at 112.5°-113° at 110 mm. 
was caught in an amber-colored bottle, and tightly stoppered 
at once. Oxidation was therefore reduced to a minimum. 

A one per cent aldehyde solution in 100 cc. 95 per cent alcohol 
and 400 cc. water was prepared, and varying amoimts of this 
solution were treated with different quantities of sodium bisul- 
phite solutions ranging in concentration from 1-6 per cent and the 
excess determined with standard iodine. Results above 95 per 
cent, however, were not obtained. The aldehyde-bisulphite 
compound is apparently hydrolized very easily into bisulphite 
and aldehyde, for in all cases when the reaction mixture was 
titrated with iodine, the endpoint could not be made to persist 
for more than the fraction of a second. If the titration were 
continued until a permanent endpoint was obtained the amount 
of iodine used would almost be equal to that required by the 
bisulphite alone. Attempts to render the reaction more quantita- 
tive did not prove very successful. The addition of neutral 
sodium sulphite to take care of the acid formed during the titra- 
tion and which promoted the splitting of the addition compoimd, 
appeared to give better results but still only about 95 per cent 
of the theoretical. 

The figures in the table were obtained by treating 25 cc. of the 
1 per cent aldehyde with 25 cc. of a 3 per cent sodimn bisulphite 
and allowing the mixtm-e to stand about 25 minutes in a stoppered 
Erlenmeyer flask before titrating the excess bisulphite. 

Salicyl aldehyde was purified by fractionation under reduced 
pressure and only that which distilled at 139°-139.5° at 160 
mm. orl66°-166.5° at 360 mm. was treated similarly to benzalde- 
hyde; the results indicated only about 82 per cent material showing 

'W. Kerp, Z. Nahr. Genussen, 6, 66. Also Centr. '04, II, 57. 
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that this aldehyde bisulphite compoimd was much less stable 
than the corresponding benzaldehyde compound. In order to 
ascertain whether the greater instability of the addition com- 
poimd was due to the proximity of the acid hydroxyl group, 
experiments were conducted with p-oxy benzaldehyde. 

Kahlbaum's p-oxy benzaldehyde was purified by sublimation 
and the fine snow-white needle-Uke crystals were found to have 
a melting point of 115°-116°. These were then used for the 
various determinations. With bisulphite the results were mainly 
87-89 per cent of the theory. Thus, showing that while the 
hydroylsis of the aldehyde-bisulphite compound was greater in 
this case than for benzaldehyde', it was considerably smaller than 
for salicyl aldehyde. The presence and proximity of the hydroxyl 
group apparently influence the stability of the bisulphite addition 
compound. 

On account of the relation between anisaldehyde and vanillin 
on one hand, and benzaldehyde, salicyl and p-oxy benzaldehyde 
on the other, it was considered very interesting to note how the 
former would behave in the various determinations. 

Anisaldehyde was therefore purified by repeated fractionation 
under reduced pressure and that which distilled at 195°-195.5° 
corrected at 205 mm. pressure was used in the determinations. 
The results with bisulphite showed only about 90 per cent of the 
theoretical amount present. This would indicate that while 
the anisaldehyde bisulphite compound was more easily hydroUzed 
than that with benzaldehyde, it was not as readily hydrolized 
as the corresponding p-oxy compound and still less than that with 
salicyl aldehyde. 

Vanillin which was specially purified by Isakovics as well as 
material prepared by Kahlbaima and Fritzsche Bros, was used 
in the determinations. When the conditions with bisulphite used 
heretofore were applied to vanillin the results of a hundred deter- 
minations on the three brands ranged from 93-96 per cent of the 
theory. Attempts to make the reaction more quantitative by 
increasing the concentration of the bisulphite, using alcohol 
instead of water as a solvent, titrating in an ice bath, or taking 
care of the acid formed, did not very materially change the figures. 

'See Table I. 
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Vanillin apparently is hydrolized to a smaller extent than any 
of the others tried excepting formaldehyde. 



TABLE I 

Bisulphite Resttlts of the Different Aldehydes as Pes Cent 

OF THE ThEOHETICAL 



Formaldehyde' 


Benzalde- 
hyde 


Salicy- 
lald. 


P-oxy 
Benzald. 


Anisald. 


Vanillin 


33.42 


93.45 


80.48 


88.40 


89.90 


A. material 


33.42 


92.79 


81.58 


88.86 


90.40 


95.19 
95.59 


33.42 


93.34 


82.01 


88.40 


90.17 


95.21 
95.77 


33.34 


92.02 


82.23 


89.10 




95.21 
95.64 


33.40 


93.12 


82.23 


89.10 




95.20 
94.98 


33.19 


93.55 




85.66 




B. material 


33.31 


93,12 




85.38 




94.50 


33.21 


94.98 




85.50 




94.40 
94.50 


33.36 


95.19 




87.09 




94.63 
94.31 


33.51 


94.77 




86.77 




94.18 


33.42 


92.89 
93.71 




87.09 




C. material 
95.75 


Aver. 33.34 


93.61 
94.03 








95.75 
95.35 
95.72 
95.50 




93.82 











In the table the figures were obtained by treating an approxi- 
mately one per cent aldehyde solution with 10-25 cc. three per 
•Romijin results=33.86%. 
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cent sodium bisulphite solution in a, stoppered Erlenmeyer flask 
and titrating after 15-25 minutes (depending upon the aldehyde) 
with a standard iodine solution, until the blue color with starch 
persisted for an instant. The difference between the amoimt of 
iodine required by a blank run under similar conditions and that 
required in the determination gave the iodine equivalent to the 
amount of aldehyde used. The per cent was calculated by using 
the factors obtained from the amount of aldehyde equivalent to 
one gram iodine, thus: 

1 gram iodine is equivalent to 0.11858 grams formaldehyde 
1 gram iodine is equivalent to 0.41178 grams benzaldehyde 
1 gram iodine is equivalent to 0.48081 grams salicyl and p-oxy 
benzaldehyde 
1 gram iodine is equivalent to 0.5360 grams anisicaldehyde 
1 gram iodine is equivalent to 0.5990 grams vanillin. 

W. Kerp* finds that the sodium bisulphite addition compounds 
of aldehydes and ketones are hydrolized in water. This is in- 
creased by a rise in temperature and lowered by an increase in 
concentration. He finds that the formaldehyde compoimd is 
least hydrolized; acetaldehyde five times as great; benzaldehyde, 
thirty-one times as readily; acetone 155 times, and glucose 500- 
1200 times as fast as with the formaldehyde compound. A study 
of Table I will give an idea of the relative ease with which the 
addition compoimds are probably hydrolized. 

Another cause for low results, though of less importance than 
that caused by hydrolysis, would be the error in reading the 
burette. Thus, if that error be placed at about 0.01 cc. for a 
concentrated bisulphite this would amount to about 0.1 cc. of 
iodine solution, which alone is sufficient to cause an error of 
several tenths of a per cent on the amount of vanilUn taken, for 
an analyBis. 

R. H. Williams*, working in this laboratory compared the Legler,' 
Blank* and Finkenbeiner, with the Romijin^ iodine and cyanide 

'Z. Nahr. Genuseen, 6, 66. 

'J. Am. Chem. Soc, «7, 596. 

■Ber., 16, 1333. 

'Ber., SI, 2979. 

•J. Anal. Chem., 36, 18. 
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methods on formaldehyde and concludes that the condensation 
methods give lower results because the reaction is not complete, 
or the oxidation methods give higher results because the oxidation 
goes further than the equation would show. The bisulphite 
method belonging to the former class, probably gives lower results 
than the iodine method with formaldehyde, for the reason men- 
tioned above. 

USE OF SODIUM SULPHITE IN THE DETERMINATION OF ALDEHYDES 

According to some investigators, when neutral sodium sulphite 
in water solution acts on an aldehyde or ketone, sodium hydroxide 
is liberated thus: 

R. COH+Na2S03+H20 = R. C(OH)NaHS03+NaOH. 

The use of this reaction for the quantitative determination of 
aldehydes was first suggested by Tiemaim^. Later Sadtler'' 
stated that this reaction was more or less general for the quantita- 
tive determination of some saturated and imsaturated aUphatic, and 
aromatic aldehydes, and some ketones. The method as worked 
out by him consists in titrating the alkali with normal acid. 
From the equation the amount of aldehyde present could be cal- 
culated. 

A 20 per cent sodium sulphite solution was prepared and 
neutralized as closely as possible using phenolphthalein as in- 
dicator. When this solution was used with dilute aldehyde 
solutions, and tenth normal acid used in the titration, the results 
obtained were quite far from the theoretical. This may in part 
be due to the difficulty of obtaining a sharp endpoint in titrating 
sodium sulphite a half of 1 cc. acid, more or less, producing 
no effect on the endpoint. When, however, the concentrated 
aldehyde was used, normal or half normal acid could be used 
for the titration, and on account of the large amoimts of acid 
used up, 0.1 or 0.2 cc. did not cause a serious error. The deter- 
mination on formaldehyde was therefore carried out as follows: 

Two to five grams of aldehyde were weighed into a stoppered 

Erlenmeyer flask and neutrahzed with tenth normal sodium 

^(Berl.) Ber. 31 ('98) 3317 

^Am. J. Pharm. ('04^, 76, 84; J. Soc. Chem. Ind., S3 ('04), 303; J. Am. 
Chein.Soc.,^7 COS), 1321. 
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hydroxide and two drops phenolphthalein; now 50 cc. of the 
neutral sodium sulphite solution were added for each two grams 
of aldehyde, the mixture allowed to stand about half an hour 
and titrated with half normal sulphuric acid to absence of a pink 
color. The amoimt of acid required by a blank containing an 
amount of sulphite equal to that left imcombined in the deter- 
mination is subtracted from the amount required in the deter- 
mination. This is the correction recommended by Russ* and 
Larsen. Sadtler'', however, in the case of citral uses the same 
amount of sulphite as in the determination. He does not say 
whether that is also the condition in the case of formaldehyde. 
If, however, the blank contains the same amount of sulphite as 
the determination, the results are about 0.75 per cent less than 
shown in Table II. The results obtained by this method check 
very closely with those obtained by the bisulphite method, being 
almost identical with them. 

With benzaldehyde the conditions described in the Pharma- 
copoeia, 8th Revision, gave low results similar to those obtained 
with dilute solutions. As a result of comparative experiments 
in which the concentration of aldehyde, the amount of sulphite, 
the presence of alcohol or kerosene as diluent, and the interval 
before titration were the factors varied, the conditions which 
were found to be most satisfactory were as follows: 

About a gram of benzaldehyde was weighed into a well-stoppered 
flask, 10 cc. alcohol added, and a little water about 10 cc. to wash 
down the sides of the flask. The aldehyde was then neutralized 
with the tenth normal alkali using 6 drops of 1 per cent phenol- 
phthalein as an indicator. Then 50 cc. neutral sodium sulphite 
were added and titrated with half normal sulphiiric acid until 
the pink color disappeared. A blank containing 35 cc. sulphite, 
the amoimt calculated to be left unabsorbed, was carried out 
alongside of the determination, and the amount of acid required 
to render colorless, subtracted from the total acid in the deter- 
mination. 

The alkali required to neutralize the aldehyde was calculated 
to benzoic acid, and this weight of acid subtracted from the weight 

•Mitt. Technol. Gewerb. Uns., Wien (2) 16, 85; (Centr., '06, II, 363). 
'J. Soc. Chem. Ind., SS, 303. 
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of|the^sample before calculating the per cent aldehyde. In this 
way results of about 99 per cent of the theoretical were obtained 
for the benzaldehyde used. 

With saUcyl aldehyde and p-oxy benzaldehyde before the 
addition of sodium sulphite the acidity was neutralized with half 
normal sodium hydroxide and phenolphthalein. During the 
neutralization or after the addition of the sulphite, colored com- 
pounds were formed rendering it impossible to titrate with any 
degree of accuracy. 

Anisic aldehyde behaves like benzaldehyde in that a clear 
solution is obtained which is not colored as with sallcyl aldehyde 
and p-oxy benzaldehyde. The determination of the endpoint 
is, however, more difficult; phenolphthalein must be added in 
the course of the titration, the color being rather flitting. 

The results that were obtained indicated only about 94 per 
cent aldehyde when the determination was conducted under 
the conditions established imder benzaldehyde. 

In the case of vanillin, as with salicyl aldehyde and p-oxy 
benzaldehyde, it was found very difficult to indicate the end of 
the titration with any degree of accuracy, whether the solution 
was titrated cold or hot. The solution at first was only slightly 
off color, this could not however be dissipated by adding acid, 
and the endpoint could not be determined. 

TABLE II 

Results with Neutbal Sulphite in Per Cent 



1. 

Fonnalde.' 


Benzald. 


SaJicylald. 


P-oxy 
Benzald. 


Anisicald. 


Va,TiilIin. 


33.20 


97.31 


Not possible 


91.60 


92.67 


Not possible 


33.40 


98.76 


to indicate 


89.60 


94.09 


to indicate 


33.46 


99.00 


with any degree 
of accuracy. 


83.72 


94.25 


with any de- 
gree of ac- 


33.22 


98.77 


52-54% 


83.18 


93.46 


curacy. 


33.29 


98.64 




83.76 


93.64 




33.18 


98.05 




76.09 


92.33 




33.17 


99.09 




80.45 


94.90 




33.42 












33.51 












Av. 33.32 


Av. 98.52 











'Romijin Method=33.86%. 
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Attention may be directed here to the view of Seyewetz^ and 
Gibbello. They claim that when neutral sodium sulphite is added 
to formaldehyde, no reaction takes place until acid is added. 
The bisulphite then formed combines with the aldehyde. Since 
the formaldehyde bisulphite compoimd reacts neutral to phenol- 
phthalein, the sulphuric acid does not decolorize the indicator 
imtil all the formaldehyde has gone into combination with the 
bisulphite. 

2NaaS0, + 2CH2O + HjSO* =2NaHSOa.CH20 + Na«S04. 

The writer is inclined to agree with this explanation for the 
following reasons: 

1. When sulphite is added to the aldehyde used, the char- 
acteristic odor of the latter is not dissipated even on long standing 
until acid had been add^d in sufficient amoimt to form bisulphite 
to combine with all the aldehyde present. 

2. If during the titration the acid should be poured in quite 
rapidly with shaking, the solution will turn entirely colorless long 
before it should do so. On shaking for some time, however, it 
turns pink. again, and the titration can be continued. This is 
observed only slightly with formaldehyde but is very marked with 
benzaldehyde and anisaldehyde The behavior described would 
seem to indicate that more bisulphite was formed than could 
be absorbed at once; on thorough agitation, however, the reaction 
proceeded to completion and all the bisulphite used up. 

3. In the course of the titration, the pink color does not seem to 
diminish much in intensity, until very near the end. 

In the case of benzaldehyde and anisaldehyde it was moreover 
possible to get experimental proof of the absence of a reaction 
liberating alkali, as follows: 

Five cc. of the aldehyde were pipetted into a cassia flask filled 
to the divisions on the neck, with neutral sodium sulphite. The 
benzaldehyde remaining on top, the amoimt added could be 
readily measured, so that the pipette reading was verified. After 
standing in this way for twelve days with frequent shaking, it 
was observed that the aldehyde on top had not changed in amoimt. 
When 5 cc. of the clear sulphite solution was pipetted out from the 

'BuU Soc. Chim. (Sy,31, 691 ('04). 
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bottom of the flask, 1.1 cc. half normal acid were required for 
neutralization, while a blank of 5 cc. sulphite required 1.15 cc. 
of the acid. No alkali was, therefore liberated. The result 
was similar in the case of anisaldehyde. 

In the case of the sulphite method a considerable amount of 
practice is required before the results will be uniform and con- 
cordant. Gildmeister^ and Hoffmann say that it is impossible 
to titrate sulphite solutions sharply so that the endpoint of the 
reaction can only be approximately determined. Accurate re- 
sults are therefore not to be obtained with it. In spite of this 
disadvantage for concentrated solutions, the simphcity of the 
process and rapidity of execution makes this method quite 
desirable. As may be seen from Table II the results for formalde- 
hyde are close enough to make it quite reUable. Benzaldehyde 
also may be determined with a fair degree of accuracy. 

THE CONVEESION OF ALDEHYDE INTO HYDHAZONES. 

A. Use of P-brom Phenyl Hydrazine. 

J. Hanus" suggested the use of p-brom phenyl hydrazine for 
precipitating vanillin quantitatively. An attempt was therefore 
made to apply this method to the other aldehydes. 

The solutions used were approximately of one per cent con- 
centration; wherever possible water alone was used as the solvent 
or the substance brought into solution with as small a quantity 
of alcohol or acetic acid as would be required to keep it in solution 
when the desired concentration was obtained by diluting with 
water. 

The precipitant was prepared fresh when required by dissolving 
in the necessary volume of hot water and filtering before use. 

Attempts to precipitate formaldehyde with p-brom phenyl 
hydrazine did not result successfully; the precipitate did not 
settle and ran through the filter. 

With benzaldehyde imder various conditions the results did 
not show more than about 93 per cent aldehyde. The hydrazone 
did not form well, was sticky, and gave a rather turbid filtrate. 

'Atherischen Ole (2) 604. 

'Z. Unters. Nahr. Gen. S, 631 ('00). 
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Similarly the hydrazone obtained with saUcyl aldehyde resembled 
the benzaldehyde hydrazone and indicated only about 93 per 
cent aldehyde. 

A well formed and easily handled hydrazone, however, was 
formed with p-oxy benzaldehyde; 25 cc. of a 1 per cent water 
solution of the crystals using 40 cc. alcohol to the half liter, were 
treated with 75 cc. hot water containing in solution 2-3 times 
as much hydrazine as the aldehyde to be precipitated. The 
precipitation was conducted at 50° C. and the precipitate allowed 
to stand five hours. It was then filtered on a Gooch crucible, 
washed with hot water to absence of a reaction with silver nitrate 
and dried at 105°. The weight of the hydrazone multiplied by 
0.4193 gives the weight of aldehyde present. 

CbHiOH.COH + C,H4.B2NH.NH2 
=C6H40H.CH:N.NH.C6H4Bs + HjO. 

Theoretical results were obtained imder the conditions described. 

Anisaldehyde gave results in the neighborhood of 99 per cent 
when an acetic acid solution of 90 cc. glacial acid to half a liter 
of a one per cent aldehyde was used. The precipitation was 
carried out under conditions similar to those described above 
with the exception that the precipitate was allowed to stand one 
hour instead of five and was dried at 100. The weight of hydrazone 
multiplied by 0.4460 gives the aldehyde present. 

The conditions for the precipitation of vanillin with p-brom 
phenyl hydrazine are essentially as described by Hanus'; 0.5 
gram of the hydrazine being 2-3 times the theoretical amount, 
was dissolved in 75 cc. of hot water, filtered, and added to 25 cc. 
of the 0.75-1 per cent water solution of vanillin which was pre- 
viously warmed. The temperature at the precipitation was 
kept at about 50° C. The precipitate settles in about half an 
hour and is allowed to stand for about five hours; it is then filtered 
on a Gooch crucible, washed with hot water until the washings 
no longer reduce silver nitrate, dried at 100° and weighed. 

The weight of the hydrazine multiplied by 0.4738 gives the 
weight of vanillin present. 

'Z. Unters. Nahr. Gen., 3, 532 ('00). 
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TABLE III 
Percentage Results with P-brom Phentl Htdrazinb 



Formald 


Benzald 


SalicylaJd. 


P-oxy 
Benzald 


Anisald' 


Va,TiiUin 


A well defined 


93.55 


93.24 


99.82 


99.50 


A. — 


precipitate 


91.12 


93.21 


100.09 


99.11 


98.75 


did not form. 










98.50 




91.92 


93.04 


99.88 


99.09 


99.07 
99.18 




93.42 


93.25 










93.05 


93.44 
94.25 
94.35 






B. — 
98.88 
98.72 
99.21 
99.40 
99.37 

C. — 
99.09 
99.32 
99.25 
99.02 
98.86 
98.81 



From the table it may be noticed that those aldehydes which 
were soUd, vanillin, and p-oxy benzaldehyde, tended to give 
hydrazones which were most suited for quantitative determination. 
The lower the molectdar weights of those that are liquid, the less 
quantitative are the results. 

B. The Use of P-Nitro Phenyl Hydrazine. 

W. Alberda van Epensteia'' and J. J. Blanksman found that 
p-nitro phenyl hydrazine precipitated acetone, acetaldehyde, and 
benzaldehyde, quantitatively. Although they give only single 
determinations in each case to support their contention, the 

'The results here were corrected for anisic acid by titrating 25 cc. with 
tenth normal alkali and subtracting the weight of acid thus found from the 
weight of aldehyde present before calculating the per cent. 

''Receuil Trav. Chim. Pays Bas, S4 ('05) 33. 
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method was considered promising and was taken up more fully 
with the aldehydes considered in order to ascertain how generally 
appUcable it might be. 

The solutions of the aldehydes employed here were the same 
as those used with p-brom phenyl hydrazine. The precipitant 
was dissolved in 30 per cent acetic acid or in dilute hydrochloric 
acid and the solution filtered. This was prepared fresh when 
wanted. 

When this reagent was employed with formaldehyde, a well 
defined precipitate formed at once and was easily handled; the 
results, however, did not check with those obtained by the other 
methods, showing only about 26 per cent aldehyde. 

As a result of various trials the conditions which gave the most 
consistent results with benzaldehyde were as follows: 

A one per cent solution of benzaldehyde in 12 per cent acetic 
acid was prepared; 25 cc. of this solution were diluted with 50 
cc. water, and 30 cc. 30 per cent acetic acid containing about twice 
as much of the p-nitro phenyl hydrazine as demanded by theory 
were added. The precipitate was allowed to stand five hours, 
then filtered on a Gooch crucible, washed with 10 per cent acetic 
acid to absence of a strong color with dilute alkali, dried in an 
oven at 105-110°, and the weight multiplied by 0.4400 to obtain 
the weight of benzaldehyde. If the weight of benzoic acid is 
separately determined, by titration with alkali, and subtracted 
from the weight of aldehyde, taken for analysis, the method 
proves to be about 99 per cent. It is therefore the most accurate 
method for benzaldehyde at present known. 

For salicylic aldehyde, the conditions which gave the most 
quantitative results were essentially the same as for benzaldehyde : 

To 20 cc. of one per cent solution of the aldehyde in 15 per cent 
acetic acid were added 50 cc. of water and 25 cc. of 30 per cent 
acetic acid containing 0.6 gram of the hydrazine. The precipitate 
was allowed to stand one hour, filtered on a Gooch crucible, 
washed with 10 per cent acetic acid, to absence of a strong color 
with dilute alkali, and dried at 105-110°. 

The weight of the hydrazine multiplied by 0.4747 gives the 
weight of aldehyde present. The figures obtained under these 
conditions are quite concordant though only about 95.5 per cent 
of the theoretical. 
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When the conditions described above were applied to the deter- 
mination of anisaldehyde, p-oxy benzaldehyde, and vanillin, the 
results obtaiaed were about 100 per cent, 101.5 per cent and 102 
per cent for the respective aldehydes. After considerable varia- 
tion of conditions, the p-nitro phenyl hydrazine was dissolved in 
very dilute hydrochloric acid about twice normal strength and 
added drop by drop from a pipette to the aldehyde solution which 
had previously been diluted with 75 cc. water and warmed. The 
mixture was stirred vigorously while the precipitant was added, 
and the precipitate allowed to stand half an hom* before filtration. 
It was washed on the Gooch crucible with a little of the dilute 
hydrochloric acid, and finally with water imtil the washings 
only gave an opalescence with silver nitrate. A few available 
figures with vanilhn show results very close to the theoretical. 
The writer believes^ that by this treatment co-precipitation will 
be decreased to a minimmn. 

The factors for calculating the aldehyde from the weight of the 
hydrazone are 0.4747 for p-oxy benzaldehyde; 0.50188 for anisic 
aldehyde, and 0.5353 for vanillin. 

TABLE IV 

Percentage Results with P-nitbo Phenyl Hydrazine 



Form aid 


Benzald 


Salicylald 


Anisicald 


P-oxy 
Benzald' 


Vaniffin' 


25.67 


98.63 


95.16 


100.25 


101.5 


100.52 




98.62 


95.38 


99.79 


101.09 


100.40 




98.71 


95.36 


99.70 


101.82 


100.00 




98.12 


95.42 


100.10 


101.68 


99.77 




99.42 


minimum 
figures 

94.50 

94.63 


99.98 
99.85 







The hydrazones formed with p-nitro phenyl hydrazine are on 
the whole less soluble and better formed physically than those 

'Experiments on this point are stiU in progress. 
'See text preceding page. 



ll 



Congress of Applied Chemistry 



203 



obtained with the p-brom compound. It is therefore possible 
to get better results with it than with the brom derivative. 

TABLE V 

Comparison op the Results by the Different Methods on 

Formaldehyde, Benzaldbhyde and Vanillin 





Iodine 


Bi- 
sulphite 


Neutral 
Sulphite 


p-brom 
pn.hydraz 


p-nitro 
pn.hydraz 


Alkali- 
metric' 




per cent 


per cent 


per cent 


per cent 


per cent 


per cent 


Formalde- 
hyde 


33.86 
average 


33.34 
average 


33.32 
average 




about 
26 


99.06 
average 


Benzalde- 
hyde 




93-95 


98.52 
average 


about 
93 


98.70 
average 




Vanillin 


about 
95.5 
average 


about 

95.5 

average 


see text 


99.03 
average 


about 
100 

see text 





'The Wellman method for determining vanillin by titrating with alcoholic 
potaah. Pharm. Ztg. '98, 634: 

One gram of vanillin is introduced into a 200 cc. stoppered flask and 25 cc. 
alcohol and 25 cc. half normal alcoholic potash added; the excess of alkali is 
titrated with half normal acid and phenolphthalein. The strength of the 
alcoholic potash with the addition of alcohol is first determined, and the 
difference Detween the two titrations multiplied by 0.076 gives the weight of 
vanillin. 

C.H..OCH..COH.OH +KOH = C.H..OCH,.COH.OK+H.O 



INFLUENCE DE L'HYDROGENE SULFURE SUR LA 
PRECIPITATION QUANTITATIVE DE CER- 
TAINS HYDROXYDES PAR L'HYPO- 
SULFITE DE SODIUM 

Par Dr. R. Hac 
Prague, Bohemia 

La m^thode Chancel, dans laquelle la precipitation des sels 
d'alnmine par I'hyposulfite de sodium devait 6tre utilis^e pour le 
dosage et la separation de raluminium, n'a pas eu de succ6s. II 
n'est pas mfime possible de precipiter d'une manifere quantitative 
les sels d'aluminium seuls; c'est pourquoi les experiences qui 
avaient pour but la separation exacte du fer de I'aluminium et de 
celui-ci du glucinium ont fourni des resultats absolument inexactes. 
Malgre cela on voit apparaitre dans la litterature chimique des 
methodes pour la separation du fer et de I'aluminium, qui ne sont 
que des modifications de la maniere de travailler indiquee par 
Chancel. 

En apphquant cette methode, dont la base theorique est le degre 
different d'hydrolyse de ces deux sels metalliques, on doit neces- 
sairement tenir compte de I'acide sulfureux, qui se forme par la 
decomposition de I'hyposulfite, ainsi que des proprietes des sulfites 
des mitaux en question. 

D'une mani^re generale les solutions aqueuses des sulfites de 
metaux plus eiectropositifs se decomposent moins facilement et la 
separation quantitative de certains hydroxydes depend de I'eiim- 
ination parfaite de I'oxyde sulfureux d'une solution donnee. 

Par rebullition seule I'oxyde sulfureux n'est eiimine que bien 
difficilement, bien rapidement au contraire lorsqu'on fait passer 
dans le Uquide bouillant im courant d'hydrog^ne sulfure. 

1. Des solutions diluees de sels d'alumine, maintenues en ebul- 
lition et saturees d'hydrog^ne sulfure, raluminiiun se separe dijk 
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au bout d'vme demi-heure; £l une temperature inf^rieure, c'est k 
dire de 90 ^ 98° C, cette separation n'est terminee qu'au bout de 
trois heures. 

2. Les solutions de sels ferreux sont pr^cipitees k I'ebullition par 
Taction de I'hydrogene sulfur^. 

3. Les solutions des sels de glucinium ne se pr^cipitent pas 
lorsqu'on les fait bouillir avec une solution d'hyposulfite de sodium. 
Par contre il y a separation quantitative lorsqu'on y fait passer en 
m^me temps de I'hydrogene sulfur^ pendant au moins deux heures. 

4. Les solutions des sels de thorium sont precipit^es, comme on 
le sait, d'lme, fagon quantitative par une ebullition avec I'hyposul- 
fite de sodium seul. 

5. Les solutions des sels ceriques (par ex. CeCU) ne donnent pas 
de precipite par I'ebulhtion avec Thyposulfite de sodium. L'action 
simultanee de I'hydrogene sulfure ne change pas sensiblement cet 
resultat, vu qu'il se forme un precipite negligeable. 

II s'en suit que de cette simple fagon il est possible de predpiter 
I'aluminium quantitativement de ses sels, mais que Ton ne pent pas 
se servir de cette reaction pour la separation quantitative de I'alu- 
minium d'avec le fer et le glucinium. II en est de mdme pour la 
separation du thorium et du cerium par la methode Chancel. 



ACCELERATION CATALYTIQUE DE LA REDUCTION 
DES NITRATES PAR LA METHODE SCHLOESING 

Par Db. R. Hac 
Laboraloire de chimie analytique (prof. T. Hanus) de I'Ecole 
polytichnigue tchhque de Prague (Bohbrne.) 

Lors du dosage de I'acide nitrique dans les pr^cipit6s phospho- 
molybdiques j'ai observe un d^gagement tr^s vif de NO, lorsqu'on 
faisait bouillir le liquide aprSs la reduction. En travaillant de 
cette maniSre I'op^ration exigeait bien moins de temps que lors du 
dosage de I'acide nitrique dans d'autres substances. Des exper- 
iences ult^rieures ont d6montr6 qu'il faut attribuer cette accdi^ra- 
tion k I'influence des combinaisons molybddniques qui s'4taient 
formdes par Taction rdductrice du FeCla sur I'acide molybdique. 

Pour cette raison j'ai fait une s6rie d'exp6riences ayant pour but 
d'dtablir la proportion dans laquelle cette acceleration s'effectue 
et de constater s'il on obtient ce rfeultat seulement avec des com- 
poses de molybddne oil encore en employant des combinaisons 
d'autres elements analogues. 

Dans la reaction non catalysee le gaz NO se degage lentement et 
en petites bulles, tandis qu'avec I'emploi de M0O3 comme cataly- 
seur il y a formation quasi instantanee de grandes bulles du dit gaz 
et il n'est guSre necessaire d'evaporer le liquide pour le chasser 
entiSrement. 

Pour evaluer I'effet catalyseur du M0O3, je me suis servi d'un 
appareil permettant de mesurer, dans des conditions egales, le 
volume de NO degage d'un c6te par le FeCU seul et de I'autre en 
presence de M0O3. 

L'addition de WO3, VaOs, U3O8, KaCraOy, HaPtCU, MnClj et TiO^ 
au FeCla n'a produit aucun effet catalyseur sur la reduction de 
I'acide nitrique. 

Les produits que Ton obtient en reduisant par le zinc les acides 
HjMo04, H2WO4, H4Ti04 et les sels uranyliques reduisent, comme 
on le salt, I'acide nitrique. Cette reduction, comme j'ai pu con- 
stater, ne donne toutefois jamais un rendement theorique de NO. 
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l^fAvant tout j'ai fix6 mon attention sur les sels correspondants 
aux oxydes M02O3 et Ti203. Dans le premier cas, la majeure partie 
(environ 75% dans mes essais) de I'acide nitrique est rMuite en 
ammoniaque, dans le second il se forme NO, mais le rendement 
n'est pas quantitatif . 

Par contra, en combinant le FeCU avec le M0O3, il y a dans tous 
les cas r6duction quantitative de I'acide nitrique en NO. 

Remarques sur le dosage de I'acide nitrique. 

On place la solution, dans laquelle on veut doser les nitrates, 
dans un ballon, on I'additione d'environ 0.2 g de Na2Mo04 oil 0.1 g 
de M0O3. On fait bouillir le liquide afin d'en chasser I'air. Apr^s 
y avoir introduit le chlorure ferreux et I'acide chlorhydrique on 
maintient le melange pendant cinq minutes h la temperature du 
bain-marie. Puis on distille et recueille I'oxyde NO sur mercure. 
La petite quantity d'acide chlorhydrique, entrain^ est 61imin6 par 
I'introduction d'un peu de potasse caustique dans la burette. On 
fait la lecture au bout d'une demi-heure jusqu'k une hevure et Ton 
calcule avec le volume lu directement. Le gaz NO est pratique- 
ment pur. 

O.lOlSg KNOa ont fourni: 22.62 om" de NO (pour conditions normalea), 
calculi: 22.47 om» de NO; difference: +0.16 cm'; 

0.1023g KNOa ont fourni: 22.78 cm" de NO (pour conditions normales), 
calculi: 22.63 cm" de NO; difference: +0.15 cm"; 

0.0730g KNOa ont fourni: 16.28 cm" de NO (pour conditions normales), 
calculS: 16.16 cm" de NO; difference: +0.12 cm". 

ont donne de NO: trouvi: difference: 

0.0920g KNOa, 20.48 cm" (p. oond. norm.), 0.0921g KNOs, +0.0001g 

0.0990g KNOa, 21.81 (p. oond. norm.), 0.0985g KNOa, — O.OOOSg 

Te me reserve d'6tudier la reduction de I'acide nitrique par 
d'autres substances r^ductrices en presence de diff^rents corps 
catalyseurs. 



(Remm4) 

L'EMPLOI DE L'HYDRAZINE ET DE CERTAINS DE CES 
DERIVES POUR LE DOSAGE PONDERAL DU CHROME 

Tos. Hanxjs et T. Lukas 

Labor aUyire de chimie amilytique a I'^cole polyt^chnigue tch^que de 

Prague, BoMme 

La reaction de I'hydrate d'hydrazine et de ces sels avec les 
chromates alcalins a 6t6 6tudi6 exclusivement pour des solutions 
acides. EUe sert surtout pour le dosage volum6trique des deux 
substances en question dans lequel on mesure le volume de I'azote 
mis en liberty. 

' Nous avons trov6_que cette reaction se pr6te 6galement au dosage 
pond^ral du chrome, lorsque ce dernier se trouve dans la solution 
aqueuse sous forme de I'anion Cr04" et que le milieu est alcalin ou 
sensiblement neutre. La reaction s'effectue d'abord dans le mSme 
sens qu'en milieu acide, c'est-&,-dire d'apr^s le schema. 

4 CrO/' +3 N2H5 •+17H- = 4Cr " • ' +I6H2O 

De la solution de sel chromique ainsi form6 le chrome se s6pare 
quantitativement comme Cr(0H)3, si Ton semplit certaines con- 
ditions, qui se rapportent k la proportion relative des corps r6- 
agissants, au temps de l'6bullition et k la presence des certains 
corps catalyseurs. L'hydrate de chrome se pr^cipite des solutions 
des chromates acalins non seulement par l'hydrate d'hydrazine, 
(lequel pr^cipite les sels chromiques, d^j^ par suite de sa basicity) 
mais encore par le suKate d'hydrazine, (qui ne pr6cipite pas les sels 
chromiques) et par certains derives de I'hydrazine de nature basique 
ou neutre. Nous avons en effet pu constater que la ph^nylhydra- 
zine et la thios6micarbazide r^duisent les chromates en sels chro- 
miques et en pr^cipitent en m^me temps l'hydrate chromique. 

Nous faisons remarquer que la precipitation par I'hydrazine et 
les deriv6s hydraziniques cities plus haut est assez lente et pent 
exiger plusieures heures et m^me davantage. La raison en est que 
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I'hydroxyde chromique est de nature colloide. Si toutefois on addi- 
tione la solution k pr^cipiter de certains sels — le chlorine d'ammon- 
ium convient le mieux, — la precipitation est quantitative et quasi 
instantan^e. L'influence favorable du NH4CI apparait le plus nette- 
ment lors de la reaction entre I'ion Cr04 et la thios^micarbazide. 

Des experiences faites avec I'hydrate d'hydrazine et le sulfate 
d'hydrazine nous ont montr6 qu'ime separation quantitative 
d'hydroxyde chromique n'a lieu que quand il y a certaines propor- 
tions entre le r^actif et sel k pr^cipiter let convenient n'apparait 
pas dans le cas de la thiosemicarbazide, vu qu'un excds de celle-ci-si 
grand qu'il flit — ^n'exerce aucune influence d6favorable sur la pre- 
cision du resultat. 

Voici maintenant de quelle fagon il faut proceder pour le dosage 
du chrome au moyen de la thiosemicarbazide. A la solution neutre 
de chromate on ajoute un exc6s de NH4CI (sur un molecule de 
chromate au moins cinque molecules de sel d'ammonium), puis on 
additione le liquide de thiosemicarbazide on exc6s et porte k I'ebul- 
lition. La precipite d'hydroxyde de chrome qui se depose rapide- 
ment, est mis sur filtre etc. Nous n'avons pas besoin d'ajouter que 
le liquide filtre doit etre Uquide et incolore. 

La methode que nous venons de decrire convient surtout pour 
le dosage du chrome k c6te du fer et de raluminiimi. La solution 
contenant des sels de fer, d'aliuniniimi et de chrome est additionee 
d'amoniaque et exydee par I'eau oxygenee. Dans les cas oil la 
proportion du sel chromique dans le melange serait considerable on 
est oblige de repeter cette operation. 

On separe des precipites d'hydroxyde ferrique et d'aluminium 
par filtration, neutralise le liquide filtre par d'acide chlorhydrique, 
et traite le chromate forme pa la thiosemicarbazide. Cette methode 
est plus rapide et precise que les methodes volumetriques 
usuelles. Nous la recomendons surtout pour I'analyse du chrome 
dans la chromite et le ferrochrome. 

Pom- montrer au lecteur I'exatitude de notre methode, voici 
quelques chiffres: 
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Restdtais obtenus 


(a) avec I'hydrate d'hydrazine: 




Feai g Cr 


Trouv^ g Cr 


Difference g Cr 


P. 100 


0.01355g 

0.04059g 

0.06764g 

0.1081g 

0.13514g 


0.01352g 

0.04055g 

0.06759g 

O.lOSlg 

0.13517g 


+0.00003g 

+0.00004g 

0.00005g 

±« 

— 0.00003g 


100.22 
100.09 
100.07 
100. 
99.98 


(6) avec le sulfate d'hydrazine: 


Pes^ g Cr 


Trouv^ g Cr 


Difference g Cr 


P. 100 


0.06474g 

0.0811g 

0.09221g 

0.11337g 

0.14575g 


0.06488g 

O.OSllg 

0.09232g 

0.n354g 

0.14598g 


— 0.00012g 

±J 
— O.OOOllg 
—0.00017 
—0.00023 


99.82 
100. 
99.88 
99.85 
99.84 


(c) avec la thios^micarbazide: 


Pes^gCr 


Trouv^ g Cr 


Difference g Cr 


P. 100 


0.0159g 
0.0795g 
O.U14g 
0.1276g 
0.1431g 


0.0159g 
0.0796g 
0.1114g 
0.1273g 
0.1432g 


±«g 
— O.OOOlg 

±s 

+0.0002g 
—O.OOOlg 


100. 

99.88 
100. 
100.16 

99.93 



Separation de I'aluminium et du chrome (pr6cipit6 avec h, 
thiosimicarbazide): 



Peseg 
A1.0. 


Peseg 
Cr.O. 


Trouve 
gAl,0. 


Trouve 
gCr.O, 


Difference 


p. 100 


gAl.O. 


gCr.O. 


A1.0. 


Cr,0. 


0.0559g 
0.0936g 
0.1304g 
0.1677g 
0.0188g 


0.1575g 
0.1124g 
0.0678g 
0.0225g 
0.2028g 


0.0560g 
0.0933g 
0.1307g 

o.iesog 

0.0187g 


0.1578g 
0.1127g 
0.0677g 
0.0225g 
0.2029g 


—O.OOOlg 
+0.0003g 
— O.OOOSg 
— O.0003 
+0.0001g 


— 0.0003g 
— 0.0003g 
+0.0001g 

S 
—O.OOOlg 


99.81 

100.32 

99.77 

99.82 

100.53 


99.81 
99.73 

100.15 

100. 
99.94 
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Separation du fer d'avec le chrome {Precipite pa la 
thiosemicarbazide) 



g FesOa 


Pes^ 
g Cr^Os 


Trouv^ 

g FeaOa 


Trouv^ 
g CT2O, 


Difference 


P. 100 


g PejO, 


g Cr^O, 


Fe^O, 


CnO, 


0.0630g 
0.1048g 
0.188Sg 
0.1888g 


0.1582g 
0.1125g 
0.0224g 
0.0225g 


0.0628g 
0.1047g 
0.1884g 
0.1884 


0.1578g 
0.1127g 
0.0225g 
0.0225g 


+0.0002g 
+0.0001g 
+0.0001g 
— 0.0004g 


+0.0004g 

—0.0002 

—0.0001 

±8 


100.31 

100.10 

100.08 

99.79 


100.24 
99.82 
99.56 

100. 



SUR UNE MODIFICATION DU PROCEDE DE MARSH 
POUR LE DOSAGE DE L' ARSENIC 

Pak M. Alexandre Hebert, Paris 



Jusqu'ici pour doser Tarsenic en tres petite quantite ou a I'^tat 
de traces, les chimistes ont toujours eu recours k la m6thode 
classique de Marsh. Ce proc^de, dans ces demieres amines, a 6t6 
perfectionne dans tous ses details par M. Armand Gautier et par 
M. Gabriel Bertrand qui sont arrives a pousser sa sensibility a un 
point tel que Ton peut deceler jusqu'a un quart de millieme de 
milligramme d'arsenic. Dans ces precedes, I'hydrogene est 
produit par la r6action de I'acide sulfurique sur le zinc et la sensi- 
bility qu'on leur demande exige, non seulement la puret^ absolue, 
au point de vue de I'arsenic, de I'acide employe, mais aussi celle 
du zinc et des autres adjuvants employes a la production de 
I'hydrogene. 

Or, pour ex6cuter divers dosages d'antimoine, nous avons eu 
occasion de mettre en oeuvre vm proc6d6 assez peu repandu, dA a 
Van Bylert^ base sur la decomposition facile d'hydrogene 
antimoine et destin6, dans I'idee de son auteur, a determiner 
I'antimoine dans un alliage. II consiste en principe k amalgamer 
d'abord I'alliage avec un grand exces de mercure. Cet amalgame 
liquide dtait introduit dans un appareil monte comme celui de 
Marsh, au contact d'acide sulfurique etendu; I'attaque de I'anti- 
moine n'a pas lieu dans ces conditions. Mais si Ton ajoute, dans 
I'appareil, de I'amalgame de sodium, il se fait par double decom- 
position de I'antimoniure de soditma qui, au contact de I'eau 
acidul^e, degage une quantite 6quivalente d'hydrogene antimonie. 
L'auteur indique d'ailleurs que sa methode n'est pas parfaite et 
qu'une petite portion de I'antimoine echappe a la reaction; il 
donne un mode operatoire a suivre pour la recuperer. 

'Ber. d. deustch. chem. gesellsch. 1890 p. 2968. 
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II 

L'hydrogene arsenic etant de decomposition plus facile et plus 
integrale que l'hydrogene antimoni6, nous avons pense a appliquer 
le principe de la methode de Van Bylert au dosage de I'arsenic, 
et nous I'avons mis en oeuvre de la fagon suivante : 

Un courant de gaz carbonique pur prodmt par un appareil 
continu et passant dans des flacons laveurs munis des dispositifs 
de s6ret6 habituels, se rend dans im flacon de Wolff tribule oii 
aura lieu la reaction, et dont la tribulure centrale est munie d'un 
bouchon traverse par un tube a entonnoir a robinet. Le gaz sort 
par la tubulure opposee a celle de son entree et passe ensuite dans 
I'equipage habituel destine a operer la decomposition de l'hydro- 
gene arsenic produit dans le flacon k reaction: tube large garni de 
tampons d'ouate, tube capillaire chauffe par ime petite grille a gaz 
sur une partie de sa longueur, puis refroidi ensuite par une bande 
de papier mouill6; ce dispositif etant celui recommande ou per- 
fectionne par les auteurs dont nous avons parle au debut de notre 
note. 

L'operation est conduite de la fagon suivante: dans le fond du 
flacon a reaction, on met une petite couche de mercure pm-, mais 
de fagon que I'extremite du tube entonnoir a robinet ne plonge 
pas dans ce mercure, pour ne pas gener par sa pression I'intro- 
duction ult^rieure des autres hquides dans ce flacon. On balaye 
alors I'appareil par un courant d'acide carbonique pour ne pas y 
laisser de traces d'air qui contrariraient la sensibility de la reaction. 
On allume alors la petite rampe a gaz chauffant le tube capillaire et 
quand la portion chauffee de celui-ci est portee au rouge, on intro- 
duit dans le flacon a reaction par I'entonnoir a robinet le liquide 
arsenical dans lequel on veut doser I'arsenic; on rince ensuite cet 
entonnoir avec 40 c.c. d'acide sulfurique pur au dizieme en ayant 
soin dans ces dernieres operations de ne pas introduire d'air dans le 
flacon a reaction. A ce moment, on mod^re consid6rablement la 
Vitesse du courant d'acide carbonique qui pent itre reglee par un 
robinet place a la sortie de I'appareil a production continue de ce 
gaz. On verse alors dans I'entonnoir du flacon a reaction 100 
grammes d'amalgame de sodium bien liquide (obtenu anterieur- 
ement en dissolvant peu a peu dans 100 gr. de mercure chaud gr. 
5 de sodium bien decape, coupe en petits morceaux.) Cet amal- 
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game est introduit goutte k goutte par le robinet dans le flacon k 
reaction. Cette addition doit durer nne demi heure environ et le 
robinet doit fitre ferm6 avant I'ecoulement total, toujours pour 
6viter I'introduction d'air. On obtient ainsi, au sein de I'atmoa- 
ph^re carbonique qtii remplit I'appareil, un d^gagement tres lent 
et tr^s graduel d'hydrog^ne qui entralne ausd I'hydrog^ne arseni6 
qui se forme dans ces conditions aux depens du liquide arsenical 
qu'on a introduit au d6but de Texperience. Get hydrog^ne arsenid 
ainsi entrain^ est decompose par son passage dans la partie chauff6e 
du tube capillaire et I'arsenic Iib6r6 se depose sous forme d'anneau 
dans la portion refroidie de ce mSme tube. Quand le d6gagement 
d'hydrogtee a cess6 dans le flacon a reaction, on balaye I'atmos- 
ph^re de I'appareil par un courant plus rapide de gaz carbonique 
qui entralne les derni^res traces d'hydrogene arsenic. Apr^s un 
quart d'heure de ce balayage, on 6teint la rampe k gaz et, apr^ 
refroidissement, on d6monte I'appareil pour examiner ou peser 
I'anneau produit, selon son importance, et avec les precautions 
n^cessaires. 

Le flacon a reaction est vid6 a chaque essai et le mercure qu'il 
contenait est r6g6n6r6 et purifi6. Un semblable essai dure 1 heure 
environ. 

Ill 

Ce proc6d6 qui est au fond une combinaison de la m^thode de 
Van Bylert et des perfectionnements d'A. Gautier et de G. Bert- 
rand, nous a doime de bons resultats. En employant des r^actifs 
que des dosages k blanc nous ont montr6 exempts de toute trace 
d'arsenic, nous avons retrouv6 pond6ralement les anneaux cor- 
respondant des quantit6s d'arsenic introduites intentionnellement 
sup^rieures a 1 milUg. et nous avons retrouve les proportions 
d'arsenic inf^rieures k cette teneur par comparaison avec des 
anneaux'obtenus avec des quantites d'arsenic donnees et obtenues 
par la m6thode de Marsh, modifiee par A. Gautier et G. Bertrand. 
De m6me que ces demiers savants, nous avons pu determiner des 
teneurs en arsenic descendant jusqu'au demi-milUeme et m^me 
jusqu'au quart de miUifeme de milUgramme. La m6thode que 
nous indiquons est assez rapide, met en oeuvre des reactifs ou des 
produits qui ne contiennent g6n6ralement pas de traces d'arsenic 
et doime une sensibility de mSme ordre que les anciens proced6s. 
C'est pourquoi nous avons cru devoir la signaler. 



{Contribviion from the John Harrison Labwaiory of the 
University of Pennsylvania) 



THE RAPID DETERMINATION OF MAGNESIA IN 
LIMESTONE BY MEANS OF THE HYDROGEN 
ELECTRODE 

By Joel H. Hildebkand and Herbert S. Harned 

The detrimental effect of magnesia in mortar and cement makes 
its estimation in limestone a matter of considerable importance. 
Unfortunately, however, the ordinary method of determining 
magnesium in the presence of calcium has required the preliminary 
precipitation of the iron, calcium, etc., before the separation of 
the magnesium. The skill and experience necessary to make a 
good separation of calcium and magnesium, and the time neces- 
sary to complete both of these precipitations are disadvantages 
which the user of Ume would doubtless often be glad to overcome. 
The method here described allows the determination of magnesia 
in limestone with an accuracy more than adequate for all technical 
purposes, and in a very short time. 

principle of the method 

If hydroxyl ions are added to a solution containing both calcium 
and magnesium ions, the smaller solubiUty of magnesium hydrox- 
ide causes it to be precipitated before calcium hydroxide, and a 
smaller concentration of hydroxyl is necessary to precipitate the 
former than the latter. Furthermore, as long as magnesium 
ions are present in the solution to any extent the concentration 
of the hydroxyl ions cannot increase very much, as the latter are 
attacked and precipitated by the former. As soon, however, as 
the magnesium ions are practically all removed from the solution, 
the concentration of the hydroxyl ions can then increase to a 
value sufficient to begin to precipitate the calcium ions present. 

Now this increase in the concentration of the hydroxyl ions 
is quite sufficient, if it can be measured, to furnish an endpoint for 
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the titration of magnesium in the presence of calcium. Instead, 
however, of measuring the hydroxyl-ion concentration, we may 
just as well measure that of the hydrogen ions, which is connected 
with the former by the relation derived from the ionization of 
water, that 

[H+] [0H-] =constant 
where the value of the constant is approximately 10-" at 20°, and 
the brackets denote the concentration of the enclosed ions. An 
increase in [0H~] through a power of ten would thus be accom- 
panied by a decrease in [H"*"] likewise through a power of ten. 

The concentration of the hydrogen ion (or hydrion) can be 
easily measured by means of the hydrogen electrode. The use 
of the hydrogen electrode in titration was first suggested by 
Bottger^ in connection with the ordinary neutralization of acids 
and bases. So far as we are aware it has not been used in a re- 
action of the type to which it is here applied. Furthermore, the 
use of a potentiometer to determine the e. m. f. of the electrode, 
and the calculation thereby involved, have made any electro- 
metric method seem to the analyst too impractical to be anything 
more than an interesting ctiriosity. To avoid this difficulty we 
have made use of a voltmeter instead of a potentiometer, as 
Sand^ has done in his apparatus for separation of the metals by 
means of graded potential. A rather laborious and time-consum- 
ing task to the analyst is thus made quite rapid and simple. It 
is not necessary, for this purpose even, to calculate the hydrion 
concentration from the e. m. f ., but merely to plot the latter against 
the alkafi added. 

APPARATUS 

The hydrogen electrode devised for this purpose is shown in 

Fig. 1. A platinum foil 8 x 25 mm. is welded to a short piece of 

platinum wire, which is in turn fused to a stiff copper wire. The 

latter is thrust into a glass tube just wide enough to receive it, 

which is fused around the platinum wire just above the foil. The 

copper wire is fastened in the tube at the top with marine glue. 

This electrode is surrounded by a shghtly wider tube having a 

side arm near the top for the admission of hydrogen, and a bell- 

' Zeit. phys. Chem., U, 253 (1897). 
2 J. Chem. Soc, 91, 374 (1907). 
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Figure 1 



shaped enlargement at the bottom to protect the electrode and to 
confine the hydrogen which must bathe the upper half of the foil. 
A wide notch is cut in the bottom of the bell to allow the liquid 
to rise enough to cover the lower half of the foil. After adjusting 
the inner tube carrying the electrode to the proper height it is 
fastened to the outer by means of marine glue. The platinum 
foil has been previously bent into an S-shape so as to pass into the 
beU. This arrangement of the foil exposes a sufficient line of 
contact between solution — platinum — hydrogen to prevent the 
electrode from becoming unsaturated by the currents likely to 
be taken from it. Before use the electrode must be covered with 
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platinum black by the usual process.^ This platinizing should 
be repeated after some dozens of titrations in order to secure the 
most satisfactory readings. 

The arrangement of the rest of the apparatus is shown in Fig. 2. 
C is a calomel electrode which furnishes a constant potential to 
compare with the hydrogen electrode h. The latter and the 
siphon from the former dip into the solution to be titrated con- 
tained in the beaker. The potential of the cell thus formed from 

'For this as well as other information concerning the principles and use of 
the various pieces of apparatus described later, see works on physical-chemistry, 
such as Ostwald-Luther, Physiko-Chemische Messungen; or Findlay, Practical 
Physical Chemistry. 
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the two electrodes is a measure of the hydrion concentration in 
the solution, and is determined by balancing against it an exactly 
equal potential which is read to 0.01 volt on the voltmeter, V. 
This adjustable potential is gotten by shunting off a variable 
proportion, a-s, of the total fall of potential given by the battery, 
B, through the resistance, a-b. When the resistance a-s is ad- 
justed so that the fall of potential from o to s is equal to the e. m. f. 
of the combined electrodes h-C, then, on pressing the key, K, 
there is no flow of current in the corresponding circuit, as shown 
by the electrometer or galvanometer at E. The measurement 
consists, therefore, in sUding s along until, on pressing the key, 
there is no deflection at E. The potential is then read at V. 

Since the potentials used range up to one volt the battery 
B may be any fairly constant cell, such as a storage, dry, sal- 
ammoniac, or gravity battery. If a lead accumulator is used it 
is better to put in series with it a resistance approximately equal 
to 0-6, so that the fall of potential through the latter shall be 
about one volt, and its whole length may be utiUzed. The 
resistance a-6 may be an ordinary sliding rheostat of sufficient 
number of turns to admit of adjustment of the voltmeter to 0.01 
volt. An ordinary bridge wire such as is used in Wheatstone 
bridge measurements will answer quite well, although its resistance 
should be sufficient to prevent the battery from too rapid discharge. 

The voltmeter should have a range of at least one volt, and 
should be readable to 0.01 volt, a greater accuracy not being 
necessary for this purpose. 

The lippmann electrometer is less expensive and in some re- 
spects more satisfactory as a zero indicator at E than a galva- 
nometer, although the former may require some attention to keep 
in order. It has the advantage that it is practically a static 
instrument, thus not discharging the hydrogen electrode, and 
allowing the stopcock (not greased) of the calomel electrode to 
remain closed during measurements, and therefore preventing the 
solution in the beaker from diffusing into the siphon-arm of the 
electrode. As noted in the figure, the electrometer must be short- 
circuited between each observation by suitable coimection at the 
key. 
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MANIPULATION 

The apparatus being assembled as just described, the hydrogen 
electrode is placed in a beaker of water and hydrogen passed in 
so that the platinum will become saturated with the gas and it 
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will be all ready for use as soon as the sample is prepared. The 
hydrogen should be washed, say through alkaline permanganate, 
but not dried. From ten to fifteen minutes should suffice to satu- 
rate the electrode with the hydrogen, although the time varies 
somewhat with the character of the platinum-black deposit. 

The sample of limestone is now weighed out, the quantity de- 
pending upon the magnesia content and the accuracy desired. 
The accuracy with which the endpoint of the titration can be 
determined is about 0.02 cc, using normal alkali, which corre- 
sponds to 0.004 gr. MgO, so that a sample containing about 0.4 
gram MgO, and requiring 20 cc. for its precipitation, could have 
its magnesia content determined with an accuracy of 0.01 of itself. 
Greater accuracy is, of course, offset by slightly greater time, so 
that the amount of sample must be determined according to the 
conditions. 

The sample having been weighed out (with an accuracy of one 
per cent of itself), it is transferred to a small round-bottomed 
flask, sufficient hydrochloric acid added to effect its solution, and 
the last traces of carbon dioxide expelled by boifing for a few 
moments under reduced pressure by attaching to a filter pump, a 
safety trap being inserted. As soon as solution is complete and 
all the carbon dioxide expelled, the contents of the flask are washed 
out into a beaker for titration. The gangue need not be removed 
as it does not interfere with the titration. 

The hydrogen electrode and the siphon of the calomel electrode 
are next inserted into the solution and the titration begun. A 
moment is necessary for the readings to become constant, due to 
the momentary contact of the hydrogen electrode with the air. 
The normal alkali (which must be free from carbonate by the 
presence of a small amount of barium hydroxide) is added, at 
first several cc. at a time until the e. m. f . begins to increase. The 
readings of e. m. f. should be plotted directly as taken on cross- 
section paper. The course of a typical curve is given in Fig. 3. 
As soon as the free hydrochloric acid is neutraUzed, the e. m. f. 
rises rapidly, due to the rapid increase in the hydroxyl ion con- 
centration. Any iron present is precipitated along this portion 
of the curve. As soon as the hydroxyl ion concentration is suffi- 
cient to precipitate magnesium ions, the latter remove the former 
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as fast as added, so that the e. m. f. remains nearly constant, as 
shown by the curve. When the magnesium is practically all 
precipitated a further rise in potential is observed. The point of 
inflection of this portion of the curve, along which readings should 
be made every 0.2 cc, is taken as the endpoint of the reaction. 

RESULTS 

The results obtained are given in Tables I and II. Those in 
Table I represent the first quantitative experiments made, so it 
is evident that no special experience is necessary beyond an under- 
standing of the manipulation. The .rst four analyses in Table II 
were done simultaneously. Each sample was weighed out and 
its solution started, successively, so that by the time the fourth 
was done the first was ready for titration. The time required, 
two and one-half hours, includes the entire time from the weighing 
of the samples to the final calculation of the results. The next two 
determinations were made with larger samples, and no great effort 
for speed was put forth. 

The time might be still further reduced by determining the 
beginning of the precipitation of the magnesium by having phe- 
nolphthalein present, and using the e. m. f. only to give the end- 
point. Phenolphthalein changes color at a hydroxyl-ion concentra- 
tion just a httle less than that required to precipitate magnesium 
hydroxide, so that its change could be taken as the beginning with 
a sUght time-saving. The rise at the end is too gradual for any 
indicator to give a sharp change in color, so that the point of 
inflection of the curve must remain as the endpoint. The work 
had to be interrupted before any data could be secured to confirm 
this suggestion, although in the above analyses methyl-orange 
was used to ascertain when to begin readings of the e. m. f . This 
indicator changes at a hydrion concentration represented by the 
bottom of the curve, just as it is about to rise. No readings need 
therefore be taken till methyl-orange has changed color. The 
prehminary neutralization of the excess of acid used in dissolving 
the sample is thus quickly effected. 

The ease and speed with which magnesium can be determined 
in the presence of calcium by the method here outlined will, we 
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hope, cause it to prove of service to the large number of chemists 
who are confronted by this task. 

It may be stated, in conclusion, that other data are being 
obtained in this laboratory which promise to make the apparatus 
here described a valuable addition to the laboratory of the analyst 
for the solution of a variety of analytical problems. 







TABLE I 




Wt. Sample. 


CO. 


N-NaOH. Wt. MgO. 


1.297 




12.1 


0.242 


1.297 




12.2 


0.244 






Gravimetric 


18.75 






TABLE II 




Wt. Sample oc. 


N-NaOH Wt. MgO 


%MgO 


0.624 


5.4 


0.109 


20.81 


0.535 


5.4 


0.109 


20.4 


0.471 


4.8 


0.097 


20.6 


0.485 


5.1 


0.103 


21.2 


2.048 


20.7 


0.418 


20.4' 


2.012 


20.1 


0.406 


20.2. 






Mean 


20.6 



%MgO 
18.7 
18.8 



Time. 
2^ hours 
2 hours 



Gravimetric 20.82 



VOLATILITY OF ARSENOUS CHLORID 

By J. I. D. Hinds 
Cumberland University, Lebanon, Tennessee 

In the qualitative analysis of the Copper-Arsenic Group 
we are always cautioned against boiling the solution for fear of 
losing arsenous ion. In studying a new method for precipitating 
the ions of the group, an account of which is given in the Journal 
of the American Chemical Society, 34,811, I found it desirable 
to concentrate the solution and was, therefore, led to investigate 
the quantitative loss of arsenous chlorid in the process. I was 
surprised to find that the loss was quite small and that it was a 
function of the quantity of arsenic present, as well as of the acid 
concentration of the solution. The rate of loss being very much 
less than that of the concentration, the boiling could in no case 
lead to failure in detecting the arsenic. In boiling a solution 
half away, the arsenic concentration is practically doubled, 
since the loss is generally less than one thousandth of the quan- 
tity present. I found that during the evaporation the arsenic 
loss varied somewhat with the rapidity of the boiling and the 
size of the distilling flask. No attempt was, therefore, made to 
determine quantities with very great accuracy. Still, all things 
considered, the results were quite remarkable. 

I prepared 3 N, 1 N, 0.1 N, and 0.01 N solutions of a sodium 
arsenite which I f oimd by analysis to be practically pure NaAsOa, 
the normal solution containing 25 grams arsenic to the liter. 
From these by dilution I obtained any desired concentration. 
The hydrochloric acid concentration was varied from 0.2 N to 
2 N. In most of the operations the solution was normal since 
this was the concentration which I desired to use in the new 
method of analysis. 

The solutions were boiled in a 200 cc. distilling flask and the 
distillates collected in 50 cc. cylinders. Fragments of pumice 
were used to prevent bumping. Great care was necessary here 
because the tiniest drop thrown over contained more arsenic than 
the whole distillate. As a further precaution, the flask was closed 
with a cork through which passed a closed glass tube which ex- 
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tended the full length of the neck of the flask and almost filled 
it. Generally 50 cc. of the solution was used and the distillate 
was made up with water to 50 cc. for ready comparison. In the 
fractional distillations 100 cc. were used and the distillate was 
collected in 10 cc. portions. The concentration of the distillate 
was determined by making it 0.1 N in HCl (2 drops to each 10 
cc), passing hydrogen sulphide and comparing the cloud with 
that of the test solutions of known concentrations. 

The test solutions were made by diluting the 0.01 N solution 
in 50 cc. portions made O.IN in HCl (10 drops of the acid to 10 
cc. and then passing hydrogen sulphide. The mixture was trans- 
ferred to 25 cc. test tubes and the comparisons were made after 
the manner of nesslerizing. These solutions ranged from 0.00001 
N to 0.005 N in arsenic, the first being the limit of perceptible 
cloud or color and the last furnishing so heavy a precipitate that 
comparison was difficult. 

Sfeies 1 
Solutions of various concentrations were made containing 5 
cc. hydrochloric acid and made up to 50 cc. so that they were about 
normal in HCl. Actually the acid was a little weak and the con- 
centrations were somewhat below normal. The solutions were 
distilled half away, the , distillate with 10 drops of hydrochloric 
acid made 50 cc. treated with hydrogen sulphide, and then com- 
pared with the test solutions. The results are given in Table 1. 

TABLE 1 
Acid concentration at the beginning N, at the close 2 N. Con- 
centration of the distillate before dilution 0.0006 N in HCl. 



As Cone. 


Grams of As 


As cone, of 


Grams of As 


Frac. of As 




in the 50 cc. 


distillate. 


in distil. 


lost. 


0.1 N 


0.125 


0.00020 


N 0.00025 


0.0020 


0.2 


0.25 


0.00025 


0.00032 


0.0013 


0.3 


0.375 


0.00030 


0.000375 


0.0010 


0.4 


0.5 


0.00035 


0.000433 


0.0009 


0.5 


0.625 


0.00040 


0.0005 


0.0008 


0.6 


0.750 


0.00043 


0.00054 


0.0007 


0.7 


0.875 


0.00047 


0.00058 


0.0007 


0.8 


1.0 


0.00050 


0.00063 


0.0006 


1.0 


1.125 


0.00055 


0.00068 


0.0006 
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It will be observed here that as the concentration increases 
the quantity of arsenic lost increases, while the fraction lost di- 
minishes. The actual loss is inconsiderable, while the fraction 
lost varies from 0.002 to 0.0006, being for all concentrations 
above 0.3 N less than 0.001. 

Series 2 
In this series the solutions were made 2 N in HCl, each 50 cc. 
containing 10 cc. hydrochloric acid. At the end of the distillation 
the residue was a little below 4 N. 







TABLE 


2 




Ab 
Cone. 


Grams of As 
in the 50 cc. 


As cone of 
distillate. 


Grams of As 
in distil. 


Frac. of As 
lost. 


0.1 N 


0.125 


0.0006 N 


0.00075 


0.006 


0.2 


0.25 


0.0010 


0.00125 


0.005 


0.3 


0.375 


0.0015 


0.00187 


0.005 


0.4 


0.5 


0.0020 


0.0025 


0.005 


0.5 


0.625 


0.0025 


0.00313 


0.005 


0.6 


0.750 


0.0030 


0.00375 


0.005 


0.7 


0.875 


0.0035 


0.00433 


0.005 


0.8 


1.0 


0.004 


0.005 


0.005 


0.9 


1.125 


0.004 


0.005 


0.004 


1.0 


1.25 


0.004 


0.005 


0.004 



In this series the fraction of arsenic lost is almost constant, 
being about one two-hundredth. The acid concentration, how- 
ever, is never so high as this in the course of an analysis. 

Series 4 and 5 
In these series the concentration of the arsenic was constant 
while that of the acid was varied. 

SERIES 3 TABLE 3 SERIES 4 TABLE 4 

Arsenic Concentration 0.3 N Arsenic Concentration 0.8 N 



Acid 
cone. 


Cone, of 
dist. 


Prac. lost 


Acid 
cone. 


Cone, of 
dist. 


Frac. of As 
lost. 


0.2 N 


0.00006N 


0.0002 


0.2 N 


0.00009 N 


0.0001 


0.4 


0.00008 


0.0003 


0.4 


0.00015 


0.0002 


0.6 


0.00015 


0.0005 


0.6 


0.00025 


0.0003 


0.8 


0.00020 


0.0007 


0.8 


0.0004 


0.0005 


1.0 


0.00030 


0.0010 


1.0 


0.0005 


0.0006 


1.2 


0.00040 


0.0013 


1.2 


0.0006 


0.0008 
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SERIES 3 TABLE 3 
Arsenic Concentration 0.3 N 



SERIES 4 TABLE 4 
Arsenic Concentration 0.8 N 



Acid 
cone. 


Cone, of 
dist. 


Fra«. lost 


Acid 
cone. 


Cone, of 
dist. 


Frac. of 
As lost 


1.4 


0.00048 


0.0016 


1.4 


0.0008 


0.001 


1.6 


0.0006 


0.002 


1.6 


0.0016 


0.002 


1.8 


0.0007 


0.003 


1.8 


0.0025 


0.003 


2.0 


0.0015 


0.005 


2.0 


0.004 


0.005 



Note that as the acid concentration increases the arsenic con- 
centration of the distillate and also the fraction of arsenic lost 
increase. When the acid concentration is below 1 N, the fraction 
of arsenic lost is less than 0.001. 

Several hundreds of these determinations were made and the 
average results are collected in the following two tables. 

TABLE 5 

Arsenic concentration of the distillate when the solution is 
boiled half away and the distillate brought to the original volume. 
Acid Arsenic Concentrations 

cone. 0.1 N 0.3 N 0.5 N 0.8 N 1.0 N 1.5 N 

0.2 N 0.00004 N 0.00006 N 0.00007 N 0.00009 N 0.0001 N 0.0002 



0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 


0.00007 

0.00010 

0.00015 

0.00020 

0.00025 

0.0003 

0.0004 

0.0005 

0.0006 


0.00008 

0.00015 

0.00020 

0.00030 

0.00040 

0.00048 

0.0006 

0.0009 

0.0015 


0.00009 

0.0002 

0.0003 

0.0004 

0.0005 

0.0006 

0.0010 

0.0015 

0.0025 


0.00015 

0.00025 

0.0004 

0.0005 

0.0006 

0.0008 

0.0016 

0.0025 

0.004 


0.0002 

0.0003 

0.0004 

0.0006 

0.0007 

0.001 

0.002 

0.003 

0.004 


0.0003 

0.0004 

0.0005 

0.0006 

0.0008 

0.0014 

0.003 

0.004 

0.005 








TABLE 6 






Fraction of the arsenic lost when the solution is boiled half a 


Acid 
cone. 


0.1 N 


Arsenic Concentrations 
0.3 N 0.5 N 0.8 N 


1.0 N 


1.5 N 


0.2 ] 


N 0.0004 


0.0002 


0.0001 


0.0001 


0.0001 


0.0001 


0.4 


0.0007 


0.0003 


0.0002 


0.0002 


0.0002 


0.0002 


0.6 


0.0010 


0.0005 


0.0004 


0.0003 


0.0003 


0.0003 


0.8 


0.0015 


0.0007 


0.0006 


0.0005 


0.0004 


0.0003 


1.0 


0.0020 


0.0010 


0.0008 


0.0006 


0.0006 


0.0004 


1.2 


0.0025 


0.0014 


0.0010 


0.0008 


0.0007 


0.0005 


1.4 


0.003 


0.0016 


0.0012 


0.001 


0.001 


0.0009 


1.6 


0.004 


0.002 


0.002 


0.002 


0.002 


0.0020 


1.8 


0.005 


0.003 


0.003 


0.003 


0.003 


0.0026 


2.0 


0.006 


0.005 


0.005 


0.004 


0.004 


0.0033 
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From this last table it appears that when the concentration 
of the acid is below 1.2 N and that of the arsenic above 0.1 N, 
the fraction of the arsenic lost on boiUng the solution half away 
is less than 0.001. It further appears that when the concentra- 
tion of the acid is above that of the arsenic, the fraction of ar- 
senic lost approaches a constant. 

Series 3 and 4 
Series 3 and 4 were made to ascertain the gradation of loss of 
arsenic during the boiling. One hundred cubic centimeters of 
a solution 0.5 N in arsenic and for Series 3 normal, for Series 4 
two normal, in HCl were boiled and the distillates collected in 
10 cc. portions. These portions, made 0.1 N in acid and treated 
with hydrogen sulphide, were compared with the test solutions. 
The results are given in Tables 7 and 8. 

TABLE 8 

100 cc. 0.5 N in As and 

2 N in HCl 

Cone, of Frac. of 

dist. As lost 



Frac. of 
As lost 



TABLE 7 
100 cc. 0.5 N in As and 
N in HCl 
Cone, of 
dist. 

0.0003 N 0.00006 

0.0004 0.00008 

0.0006 0.00012 

0.0009 0.00018 

0.0015 0.00030 



1 St 10 cc 

2nd 

3rd 

4 th 

5 th 



1 St 10 cc. 

2nd 

3rd 

4 th 

5 th 



0.0010 N 

0.0016 

0.0024 

0.0060 

0.0090 



0.00020 
0.00032 
0.00048 
0.00120 
0.00180 



Total frac. lost 0.00074 Total frac. lost 0.004 

The total loss of arsenic here agrees fairly well with the figures in 
Table 6. The rapid increase of loss in the successive portions is due 
to the increasing concentration both of the arsenic and the acid. 
This investigation leads to the following conclusions: 

1. That the quantity of arsenous ion lost on boiling its hy- 
drochloric acid solution is a function of the concentration both 
of the arsenic and of the acid. 

2. That when the concentration of the acid exceeds that of 
the arsenic, the fraction of the arsenic lost on boiling approaches 
a constant value. 

3. That with the concentrations usually employed in qualitative 
analysis the loss of arsenic on boiling the solution even half away is 
generally less than one thousandth of the quantity present. 



SOME TESTS ON A NEW CALORIMETER BOMB 

By Richabd H. Jesse, Jh. 
University of Illinois, Urbana, Illinois 

In connection with the description of the new alloy bomb of 
nickel-copper-chromium' it may be of interest to report briefly 
the results of a series of experiments on the combustion of two 
standard substances, cane sugar and benzoic acid. These ex- 
periments were undertaken not only for the purpose of standard- 
ization but also to test the behavior of the instrument under 
actual working conditions. 

The principal features of difference between this bomb and 
other types are: (1) the substitution of an alloy, very resistant to 
the action of acids, for the usual platinum, gold, or enamel lin- 
ing; (2) the use of a well protected rubber gasket for sealing the 
bomb instead of a gasket of lead; (3) the replacement of the or- 
dinary steel needle-valve by a seated valve bearing a rubber 
gasket. For one who has spent much physical and mental effort 
in trying to seal completely bombs fitted with needle valves 
and gaskets of lead and gold, a very short experience is sufficient 
proof of the superiority of the present method of sealing in so 
far as speed and ease of manipulation are concerned. Former 
experience in this laboratory has offered evidence that these 
features do not cause a decrease in the accuracy desired for com- 
mercial fuel analysis. It has remained, however, to prove that 
they will answer the purposes of investigations where the highest 
attainable accuracy is desired. 

A series of semi-quantitative corrosion tests in which specimens 
of the alloy were exposed at ordinary temperatures and for vary- 
ing lengths of time to the action of 4N sulphuric and nitric acids 
and mixtures of the two have indicated that the amounts of 
alloy which would dissolve in the time of a determination are 

'This bomb has been recently devised by Professor S. W. Parr, of this 
laboratory. A fuH description will be found in a paper presented by Pro- 
feaaor Parr before section I of this Congress. 
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negligible. To test the corrosion under working conditions 
the washings from eight runs, which had been titrated in the 
usual manner for nitric acid with potassium hydroxide, were 
combined and analysed for copper and nickel. The copper was 
precipitated by hydrogen sulphide in acid solution and was weighed 
as cuprous sulphide; the nickel was determined by the dimethyl- 
glyoxime method. In the eight determinations 1.6 miUigrams 
of copper and 6.2 milligrams of nickel were dissolved. In a single 
determination therefore we have the solution of 0.2 mg. Cu and 
0.8 mg. Ni. This quantity of the metal nitrates would have a 
heat of formation of approximately 1.8 calories^. 

Since in these experiments the total amount of heat measured 
in a run was 9500 calories, about 0.02% of the rise was due to 
the solution of the alloy. This is a quantity which cannot be 
detected with certainty even in the very best calorimetric work. 
This particular bomb was the first successful casting. Since the 
work was begun there have been slight modifications in the com- 
position of the alloy which have probably increased its acid re- 
sistance. Quantitative evidence on this point is, however, lack- 
ing as yet. In coal calorimetry sulphuric acid will be present in 
addition to the nitric acid. The corrosion tests already men- 
tioned show that the mixture of these two acids is not much more 
active than nitric acid alone. 

There is only indirect proof to show that the use of rubber 
gaskets is without effect on the accuracy of the bomb. The con- 
struction of the instrument is such that the rubber is well pro- 
tected. The portion of the gasket which comes in contact with 
the gases in the bomb is a ring about 1/1000 inch in width and to 
reach this the hot gases have to pass through a very narrow 
space with massive metal on each side, so that they would almost 
certainly be cooled below the danger point. In these experiments 
there was absolutely no smell of burnt rubber in the bomb after 
a combustion. The constancy of the results given below is further 
proof that the rubber has no harmful effect, because it is hardly 
conceivable that if the rubber were burnt at all it should be 
burnt in such constant amount each time. 

'Thomsen's results in Landalt-Bornstein. 
Ni+2N+60+Aq = Ni (NO,). Aq+113,200 cal. 
Cu-|-2N+60+6H2O=Cu(NO.),, 6H2O+92,900 cal. 
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The method of adiabatic calorimetry^ devised by W. T. Rich- 
ards was used for these combustions. 

The principle of the method is that the calorimeter is sur- 
rounded on all sides and on top by a bath of caustic soda, the 
temperature of which is at all times kept the same as that of the 
calorimeter. By running in sulphuric acid in measured amounts 
the temperature of the bath can be readily changed so that it 
conforms to that of the calorimeter even during the first rapid 
rise. This method has already proved itself capable of extreme 
accuracy. The mercmy thermometer used was of the Beckmann 
type and was calibrated by the Bureau of Standards. The re- 
sults with it were very satisfactory. Three different samples of 
sugar were used. They were supplied at different times during 
the past three years by the Bureau of Standards. Two samples 
of benzoic acid were burnt, one from the Bureau of Standards 
and one that had been carefully purified in this laboratory. The 
experiment marked No. 10 was on this sample. The agreement 
is all that could be desired. 









CANE SUGAR 










Observed 












Riae Cor. 










Weight 


for bore. 










SubBtanoe DrotrudinE 


Correotion Correotion 


Rise per 


Deviation 




in Air 


thread and 


for iron for HNOi Corrected 


gram 
substance 


from 


No. 


Gram. 


stirring 


wire burnt formed Rise 


mean % 


1 


2.4994 


2.909° 


-0.008° -0.003° 2.898+° 


1.1596° 


+0.05 


2 


2.5018 


2.908 


-0.006 -0.004 2.898+ 


1.1585 


-0.05 


3 


2.4987 


2.910 


-0.008 -0.004 2.898- 


1.1597 


+0.06 


4 


2.5004 


2.909 


-0.006 -0.004 2.899- 


1.1593 


+0.02 


5 


2.5035 


2.911 


-0.008 -0.003 2.900 


1.1583 


-0.07 


6 


2.2743 


2.646 


-0.007 -0.003 2.636 


1.1590 


±0.00 




Average 


rise per gram sugar (weighed in air) =1.1591 






Average 


rise per gram sugar (weighed in vacuum) 


= 1.1584 










BENZOIC ACID 






7 


1.5089 


2.812° 


-0.007° -0.003° 2.802° 


1.8570° 


+0.02% 


8 


1.5390 


2.870 


-0.008 -0.004 2.858 


1.8570 


+0.02 


9 


1.5059 


2.809 


-0.008 -0.004 2.797 


1.8574 


+0.04 


10 


1.4467 


2.698 


-0.008 -0.003 2.687 


1.8572 


+0.03 


11 


1.5635 


2.913 


-0.008 -0.003 2.902 


1.8561 


-0.04 


12 


1.5630 


2.912 


-0.007 -0.004 2.901 


1.8560 


-0.04 


13 


1.6584 


3.090 


-0.008 -0.004 3.078 


1.8560 


-0.04 




Average 


rise per gram benzoic acid (weighed in air) =1.8567 
rise per gram benzoic acid (weighed in vacuum) = 1.8 






Average 


552 



All the experiments fell within the temperature range 21-25°C. 

'Proc. Amer. Acad., 4S, 573, (1907); Z. physik Chem., 69, 532; J.JAm. 
Clem. Soc, SI, 268, (1909). 
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Since the temperature rise measured was about 3°, it follows that 
the mean temperature of any experiment did not differ from that 
of any other by more than 1°. This is worthy of mention be- 
cause in this neighborhood the heat capacity of water changes 
by about 0.02% per degree. However, since the metal portions 
of the system have a larger temperature coeflScient of opposite 
sign, the effect of the changing heat capacity of water is at least 
partially neutralized. 

The internal agreement of the two series on sugar and ben- 
zoic acid indicates that the new bomb can be safely used for work 
involving the highest accuracy. The greatest deviation from 
the mean is 7 parts per 10,000 in the case of sugar and 4 parts 
in the case of benzoic acid. This is probably as close an agree- 
ment as can be expected from a mercury thermometer and, 
indeed, it compares very favorably with the best work with 
electrical thermometers. 

The results described in this paper are not absolute, but are 
purely relative. Therefore, it is interesting to compare the 
ratio of sugar and benzoic acid. The ratio resulting from this 
series (vacuum weights) is 1.6014. A similar comparison of a 
very high order of accuracy has been made by Emil Fischer and 
Wrede'. They have made two series of determinations on ben- 
zoic acid. The ratio from their first and most concordant series 
. 26.478Ki 
IS ic C4.KT7^- — 1-6003; that from the average of the two series is 

26.472 

rTTT^ = 1-6000; while the ration for their three highest de- 
terminations of benzoic acid is 1.6008. The differences between 
these ratios and that foimd in this paper are respectively 0.07%, 
0.09% and 0.035%. The value of the ratio found by the Bureau 
of Standards is 1.6016^. The agreement here is even more sat- 
isfactory; in fact, it is identical within the possible experimental 
accuracy. In spite of the concordance of their ratios the ab- 
solute values assigned, by Fischer and Wrede and the Bureau 
differ by a quarter of a per cent. The reason for this discrepancy 
is not apparent at present. 

'Sitzber. K. Acad. BerUn, 19, SO, SI, 687, (1904): Z. physik, Chem., SS, 
161, (1903); es, 218, (1909); 75,81, h9lb). ^' v J- , 

'Private communication from Dr. W. P. Hillebrand. 



SUR UNE METHODE GENERALE DE DOSAGE DE 
L'ACIDE TARTRIQUE EN PRESENCE DE 
METAUX CAPABLES DE DONNER 
DES EMETIQUES 

Phesente par M. Akdhe Kling 
Diredeur du Laboratoire Municipal de Paris 

ET D. Flobentin 
Chimiste au Laboratoire Municipal de Paris 

Tous les proc^dfe de dosage de I'acide tartrique utilises jusqu'll 
ces derniers temps consistent k pr^cipiter celui-ci k I'^tat de tar- 
trate acide de potassium en milieu 6th6ro-alcoolique et k titrer 
acidim^triquement ce pr6cipit6. 

Mais plusieurs reproches doivent fitre adress6es k ces m^thodes. 

Tout d'abord la reaction qui leur sert de base est une reaction 
reversible et comme telle incomplete. L'acide tartrique en pr6sence 
d'un sel de potassium donne en effet la reaction. 

CO2H (CHOH)2-C02H+RK ^ CO2H (CHOH)^ CO2K+R-H. 

II s'^tablit entre ces quatre corps un ^quilibre dependant k la 
fois de la dilution, de la nature de I'acide R H mis en liberty, de la 
temperature, etc. 

Si au lieu d'acide tartrique, on emploie du bitartrate de sodium, 
la reaction est k peu pr6s complete, mais dans la pratique, cette 
circonstance n'est jamais r^alis^e, car les produits naturels renfer- 
ment toujours d'autres substances capables de ddplacer partielle- 
ment I'acide tartrique. 

D'autre part, I'acide tartrique peut-Stre entrain^ k l'6tat de 
tartrate neutre insoluble dans le milieu eth^ro-alcoolique, en par- 
ticulier k I'^tat de sel de chaux, de magn^sie, etc. et des lors il 
echappera au dosage acidim^trique. 

De plus certains acides, tels que I'acide malique peuvent,dans 
des liquides complexes, donner naissance k des sels acides peu solu- 
bles qui se pr^cipitent en mfime temps que le bitartrate de potas- 
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slum et qui sont comptfe comme acide tartrique lors du dosage 
acidim^trique. 

Enfin la prfeence de certains m^taux, tels que le fer, I'alumine, 
I'aiitimoine, etc. qui forment avec I'acide tartrique des 6m6tiques, 
fausse totalement les r&ultats. 

Ces diff^rentes causes d'erreur font qu'un meme operateur 
trouve des nombres diff^rant entre eux de gr.2 ou gr.3, alors que 
la quantity d'acide tartrique k doser n'est le plus souvent que de 3 
k 4 grammes dans les produits naturels, (vins) soit une erreur de 6 
k 8% qui peut d'ailleurs 6tre doubl^e quand il s'agit d'op^rateurs 
diff brents. 

C'est en vue de r^m^dier k ce manque de precision que I'un de 
nous a propose il y a quelque temps^ une nouvelle m^thode basee 
sur la precipitation de I'acide tartrique k I'^tat de rac6mate de 
chaux: (CiHiOe)! Ca, 8H2O. 

Tandis en effet que le tartrate droit de chaux ne pr^cipite qu' 
incompletement, le rac6mate est im sel presque rigoureusement 
insoluble dans I'eau, dans I'acide ac^tique ^tendu, la solution de 
tartrate et les sels anunoniacaux. Mais il se dissout ais^ment 
dans les acides min^raux m^me 6tendus. 

Si done a une solution contenant un tartrate alcalin ou de 
I'acide tartrique droit, le seul qui se rencontre dans les produits 
naturels, on ajoute du tartrate d'ammoniaque gauche en exc&s, 
puis de I'ac^tate de chairx, tout I'acide tartrique droit sera pr^ci- 
pit6 int^gralement k I'etat de rac^mate de chaux k la condition 
qu'il ne subsiste pas dans la liqueur d'acide mineral libre. 

L'exp6rience ayant montr^ que ce premier pr^cipit^ n'est pas 
pur car il entrain^ avec lui une certaine quantity de tartrate gauche 
de chaux, il est n^cessaire de r^dissoudre le pr^cipit^ dans I'acide 
chlorhydrique faible puis de le pr^cipiter par addition d'un exchs 
d'ac6tate de soude. 

Le pr6cipit6 recueilli sur filtre et lav6, est 6valu6 volum6trique- 
ment en milieu sulfurique k I'aide d'lme solution de perman- 
ganade potasse titr^e elle-meme k I'aide d'une solution connue 
d'acide tartrique piu-. 

(Le nombre obtenu pour I'acide tartrique contenu dans le 
rac^mate, doit bien entendu 6tre divis6 par 2, puisque le rac6mate 

'A. Kling, Bulletin Soc. Chim. T. 7 (4° s&ie) p. 569. 
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renfeme une quantity d'acide tartrique gauche ^gale k la quantity 
d'acide tartrique droit pr^emstante dans la liqueur.) 

Cette m6thode donne des resultats excellents, k la seule con- 
dition que la liqueur dans laquelle se fait la precipitation ne ren- 
ferme pas de m^taux capables de foumir des 6m6tiques avec 
I'acide tartrique. On salt que ce sont les m6taux donnant des 
sesquioxydes de la forme MjOj qui sont particulierement aptes 
h. fournir avec I'acide tartrique des complexes dans lesquels I'oxyde 
et I'acide sont dissimul^s. II en r6sulte que la pr6sence de fer, 
d'alumine, d'antimoine sera particulierement g^nante et en effet 
des que la dose de ceux-ci depasse gr. 4 ^ gr. 5 0/00 la m^thode 
d6crite donne des resultats notablement trop faibles. 

Or ily a un grand inter^t k pouvoir effectuer correctement ce 
dosage mfime en presence des m6taux grants, car certains pro- 
duits naturals: tartres, lies, etc., renferment des doses notables 
de fer ou d'alumine. 

Nous avons 6t6 assez heureux pour 6tendre la m4thode pr6- 
cipit6e au cas ou la liqueur renferme des elements g^nants, et h. 
la rendre g6n6rale, alors que les anciennes m^thodes sont totale- 
ment inapplicables dans ce cas. 

Principe de la MHhode 

Nous avons pens6 k engager les m^taux gSnants dans une com- 
binaison suffisamment stable dans le milieu de precipitation pour 
que I'acide tartrique soit lib6re et puisse prdcipiter compldtement 
k retat de rac6mate. L'acide citrique nous a sembie tout indiqu^, 
car lui-m6me donne avec ces m^taux des combinaisons complexes. 

L'exp6rience a bien verifi6 ces considerations th^oriques et 
I'adjonction d'acide citrique k la solution lib^re compl6tement 
I'acide tartrique qui des lors pr^cipite intigralement k I'etat de 
rac^mate de chaux. A la v^rite des essais nous ont montre que 
I'acide citrique lui-mdme avait I'inconvenient d'augmenter I'acid- 
ite de la liqueur et par 1^ m^me la solubilite du rac^mate, c'est 
pourquoi nous lui avons substitue le citrate biammonique qui, 
tout comme I'acide, se combine aux m^taux grants pour donner 
des complexes et lib^re I'acide tartrique. 

Tout d'abord nous avons tenu k nous assurer k nouveau que 
I'acide citrique ne gtoait pas la precipitation du racemate m^me 
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k dose assez 61ev6e, bien que I'un de nous I'ait d^jS, constats par 
quelques essais succints au cours du travail precedent. 
Void les r^sultats obtenus: 

N° des Teneur en aoide Nombre Nombre 

essais oitrique obtenu tWorique 

■ 1 gr. 198 gr. 195 

2 gr. 200 gr. 197 gr. 195 

3 1 gr. 000 gr. 196 gr. 195 

4 2 gr. 000 gr. 187 gr. 195 

On constate done que des doses d'acide citrique atteignant plus 
de cinq fois le poids d'acide tartrique k doser ne gMent en rien la 
precipitation du rac^mate et qu'un fl^chissement des r&ultats r.e 
s'accuse que pour des doses d'acide citrique d6cupl4s du poids 
d'acide tartrique. 

En outre le citrate d'ammoniaque ajout6 k la solution tartrique 
prfeente la propriety avantageusee de diminuer sensiblement la 
proportion de tartrate gauche de chaux entrain^ dans le pr^cipit^ 
du rac6mate lors de la premiere precipitation. C'est 1^ un r^sultat 
avantageux, car dans le cas d'lm pr^cipite de rac^mate charge 
en tartrate gauche, m^me en le redissolvant et le repr^cipitant on 
obtient des nombres parfois un peu forts. 

Get entrainement de tartrate gauche de chaux est mis en Evi- 
dence par I'experience ci-dessous: 

Apr6s 12 heures de precipitation: 

Acide tartrique 
Teneur en citrate 
d'ammoniaque Trouv^ Calculi 

gr. 208 gr. 204 

gr. 500 gr. 2046 gr. 204 

D'ailleurs nous avons verifie directement que le citrate aug- 
mentait la precision des r^sultats par suite d'un moindre entraine- 
ment de tartrate gauche, et non par suite de compensation d'erreurs 
de sens inverse. Acet effet, le racEmate provenant des premieres 
precipitations a ete dissous dans une solution saturEe de molyb- 
date d'ammoniaque, (qui, comme on le salt, exalte considerable- 
ment le pouvoir rotatoire de I'acide tartrique) or dans le cas ou 
il a ete obtenu en presence de citrate d'ammoniaque il devie beau- 
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coup moins k gauche la lumiSre polaris6e que dans le cas con- 
trmre. (La deviation diminue du 1-3 environ.) 

Nous avons esay6 6galement de diminuer I'entrainement de 
tartrate gauche de chaux en r^duisant la dose de tartrate gauche 
d'ammoniaque indiquee dans la prdcedente note^ mais ce proc6d6 
n'est recommandable que dans le cas oil il n'y a pas de m^taux 
gfinants car dans ce cas, mSme en presence du citrate d'ammoniaque 
il est n^cessaire d' avoir un excds de tartrate gauche poiu- que la 
precipitation soit complete. 

II est k remarquer que le citrate retarde la precipitation du 
racSmate, aussi est-il n^cessaire dans le cas oil il est present 
d'attendre 3 S, 6 heures pour avoir une precipitation totale. 

Enfin dans le cas ou la liqueur renferme en outre des doses 
notables de m6taux gfinants, la precipitation est encore ralentie 
et il est necessaire cette fois d'attendre 12 heures (une nuit) avant 
de Jeter sur filtre. 

De tout ceci nous concluons que la presence d'un citrate ne 
gfine pas la precipitation et qu'en diminuant I'entrainement du 
tartrate gauche par le racemate il augmente m^me la precision 
des resultats. Aussi proposons nous de modifier legerement la 
premiere methode et d'ajouter dans toiis les cas de dosage d'acide 
tartrique une certaine quantite de citrate d'ammoniaque avant de 
precipiter le racemate. 

Nous exposerons plus loin avec details cette nouvelle technique. 

Dosage de I'Acide Tartrique. en Presence de fer et d'Alumine. 
En I'absence de citrate des doses m§me faibles d'alumine ou 
de fer influencent considerablement les resultats du dosage de 
I'acide tartrique par quelle que methode que ce soit, ainsi que le 

fait ressortir le tableau suivant. 

Acide tartrique par litre 
All O. Methode au Methode 
par litre racemate' ofificieUe Th6orie 

Solution d'acide tartrique. . 0,01 3,96 3,97 

(id) 0,10 3,23 3,97 

Solution de tartrate deNa . 0,00 3,18 3,00 3,20 

(id) 0,08 2,96 2,88 3,20 

'Loc. cit. 

'sans addition de citrate. 
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Mais des que I'on met de I'acide citrique ou mieux du citrate 
d'ammoniaque, 11 est possible d'avoir une precipitation int^grale 
du rac^mate m^me en presence de dose d'alumine attelgnant 40% 
du polds d'aclde tartrlque, c'est k dire blen sup6rieure k la quantity 
n^cessaire pour former le complexe: 

C02H-CH-CH-C02H 

OH 0-Al(-0H)2 

dans lequel AI2O3 ne repr^sente que 33% du polds d'aclde tar- 
trlque. 

Volci en effet les r^sultats obtenus. 

Acide tartrique 

Alj 0« Citrate d'ammoniaque Trouve Theorie 

0,199 0,195 

gr. 0032 0,197 0,195 

gr. 0158 0,179 0,195 

gr. 079 0,103 0,195 

gr. 079 gr. 500 0,198 0,195 

gr. 085 gr. 700 0,204 0,204 

En presence de fer nous avons obtenus des r6sultats analogues. 

Acide tartrique 
F» 0« Citrate d'ammoniaque Trouve Theorie 

gr. 086 gr. 138 gr. 1945 

gr. 069 gr. 700 gr. 2088 gr. 2076 

gr. 086 gr. 700 gr. 2076 gr. 2076 

gr. 700 gr. 2058 ■ gr. 204 

La presence d'alumine et surtout de fer retarde consld6rable- 
ment la precipitation du rac^mate et 11 est n^cessaire d'attendre 
12 heures (une nuit) pour que la precipitation soit complete. 

Nous avons cherche quelle etalt la teneur maximum en AI2O3 
ou FeaOa pom: laquelle le dosage etalt encore exact. 

Void les rfeultats: 

Acide tartrique 
Citrate d'ammoniaque Trouve Theorie 

Fe2O3 0g.l296 g.750 0,204 0,2076 

AliOs 0, 1264 g. 750 0,2004 0,2076 
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Conclusions 

L'adjonction de citrate d'ammoniaque permet d'obtenir une 
precipitation complete de I'acide tartrique k I'^tat de rac^mate 
pour des teneurs en oxydes anhydres pouvant atteindre 50% 
environ du poids d'acide tartrique, mais k partir de 60% I'erreur 
atteint 2% environ dans le cas du fer et 3,5% dans le cas de 
I'alumine. 

Neanmoins on pent parvenir k doser I'acide tartrique en pre- 
sence de grandes quantites de fer, d'alumine, gr&ce k une m6thode 
que nous ddcrirons plus loin. 

Dosage en Prisence de Cuivre et d'Anlimoine. 

Nous avons appliqu6 cette mSme m6thode au cas du cuivre et 
de I'antimoine, en particulier au dosage de I'acide tartrique dans 
les 6m6tiques d'antimoine. 

Dans le cas du cuivre nous avons obtenu les r&ultats suivants: 

Acide tartrique 
CuO Citrate d'ammoniaque Trouv^ Thforie 

0,058 0,2006 0,2041 

0,058 0,700 0,2053 0,2041 

Le premier essai de ce tableau montr^ que le cuivre en solution 
adde apporte peu de trouble au dosage, mfeme en I'absence 
de citrate, ce qui s'explique ais^ment en consid^rant que I'acide 
tartrique ne donne de complexes v6ritables qu'en milieu alcalin. 
Au contraire le complexe que doime I'antimoine, tout comme ceux 
de fer et d'alumine, sont assez stables en milieu ac^tique ce qui 
rend impossible la precipitation int6gfale du rac&nate sans ad- 
jonction de citrate. 

La m6thode a 6U essay6e dans le cas de I'antimoine avec de 
l'6mdtique pur, pr^alablement dess^che k 100° de facon k lui faire 
perdre sa J/^ molecule d'eau de cristallisation. 

Le tableau ci-contre rend compte des r^sultats: 
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Poids 




Citrate 


Acide tartrique 


d'emetique 


d 


ammoniaque 


Trouve 


Caleule 


Em^tique No. 1 










gr. 400 


non 





0,1212 


0,1813 


"Fm^tique No. 2 
gr. 400 








dessech6 


0,700 


0,183 


0,181 


Em^tique No. 1 1 


sech^ 








gr. 400 




0,700 


0,188 


0,186 


Em^tique No. 2 


k 100° 








gr. 400 




0,700 


0,1845 


0,186 



Dosage en Presence de Doses Massives de M^taux Genants 

On a vu plus haut que par rintroduction d'une quantite suffi- 
sante de citrate d' ammoniaque on peut arriver h doser correcte- 
ment I'acide tartrique en presence d'oxyde de fer et d' aluminium 
h la condition que les oxydes ne depassent pas la teneur de 50 k 
60% (par rapport k I'acide tartrique k doser), mais qu'au de 1^ 
de ces limites le proc6d6 6tait k nouveau en d^faut. 

Aussi nous sommes nous pr^occup^s de rendre la m^thode tout 
k fait gen^rale en I'^tendant au cas od les m^taux g^nant la pre- 
cipitation se trouvent en dose massive par rapport k I'acide 
tartrique. 

Nous y sommes parvenus en precipitant la majeure partie des 
m^taux genants k I'aide de reactions s'effectuant en milieu acide 
par un acide mineral (Hcl), car dans ce milieu le complexe est 
detruit et le metal peut precipiter int^gralement sans entrainer 
d'acide tartrique. 

1° — Cas de I'Alumine 

Nous avons pr^cipite la plus grande partie de celle-ci k I'^tat 
d'alun d'ammoniaque en solution leMgerement chlorhydrique; acet 
effet la solution renfermant I'alumine et I'acide tartrique est addi- 
tionne de sulfate d'ammoniaque en quantite plus que suffisante pour 
former I'alun: (804)3 AI2, SO4 Am2. On ajoute quelques gouttes de 
Hcl k 22° B. et on concentre k petit volume (25 k 30°°) puis la 
liqueur est additionn^e de son volume d'alcool k 95°; on obtient 
ainsi ime cristallisation d'alun d'ammoniaque que Ton s6pare par 
filtration sur un petit entonnoir Biichner. Les cristaux sont lav^s 
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soigneusement avec de I'alcool k 55-60° puis le filtrat est evapor6 de 
facon k chasser la majeure partie de I'alcool. Dans cette derniere 
liqueur ^tendue d'eau en quantity convenable le ractoate est 
enfin pr6cipit6, apr^s addition de citrate d'ammoniaque (en vue 
d'^liminer Taction gSnante des petites quantitfe d'aJumine qui 
ont 6chapp6 k la precipitation k I'^tat d'alun). 

On s'est assur6 que I'alun d'anunoniaque ainsi pr^cipit^ n'en- 
tratnait pas d'acide tartrique car, dissous dans I'eau, il ne r^duit 
pas le permanganate k I'dbullition en milieu sulfurique. 

Voici le rfeultat de nos essaJs: 

Acide tartrique 
All Oi Citrate d'ammoniaque Trouv^ Th^orie 

gr. 600 gr. 700 0,2046 0,2076 

gr. 600 gr. 700 0,2052 0,2076 

2°—<:ias du Fer 

Nous avons 61imin6 la majeure partie du fer k r6tat de sulfure 
ferreux (par HjS) en milieu acetique. La solution contenant le 
sel ferrique (Fe cU) est additionn^e d'ac6tate de sonde et de 
quelques gouttes d'acide ac6tique, puis dans la solution chaude 
on fait passer un courant de HjS. Le pr6cipit6 de sulfure de fer 
est filtr6, la liqueur est port6e k l'6bullition pour chasser HjS et 
apres neutralisation partielle de I'acide acetique par NH3 le rac6- 
mate est pr6cipit6 suivant la m^thode g4n6rale. 

R6sultats des essais: 

Acide tartrique 
Fe. Oi Citrate d'ammoniaque Trouve Theorie 

0,432 g. 500 0,2052 0,2076 

0,432 g. 500 0,2064 0,2076 



S° — Cas, du Cuivre et de I'Antimoine 

Le cuivre et I'antimoine sont 61imin& par H2S en solution 
chlorhydrique. Apr& separation du sulfure, la liqueur est port6e 
k rebullition pour chasser H2S, puis neutralis6e par NH3, et le 
rac6mate est pr^cipite en presence de citrate d'ammoniaque. 



246 Original Communications: Eighth International [vol. 

Les deux tableaux suivants rfeument nos experiences: 



S04Cu5a<i. 


Citrate d'ammoniaque 


Acide tartrique 
Trouve Theorie 


g. 500 
g. 500 


g. 500 
g. 500 


0,2058 0,2076 
0,2058 0,2076 



Acide tartrique 
Sb Clj Citrate d'ammoniaque Trouve Theorie 

g. 500 g. 500 0,2064 0,2076 

g. 500 g. 500 0,2064 0,2076 

Pratique de la MHhode Definitivement Adoptee pour le Dosage de 
V Acide Tartrique a I'Etat de Rac^maie de Chaux. 

L'6tude qui precede nous ayant prouv^ qu'^ tons les points de 
vue I'addition de citrate d'ammoniaque aux solutions tartriques 
etait tr4s avantageuse, nous avons modifi6 l^gerement le proced6 
public par I'un de nous et nous nous sommes arr^tfe pour effectuer 
le dosage de cet acide, au mode op6ratoire suivant: 

Solutions Employees 

A. — ^Une solution de citrate biammonique renfermant 50 
grammes de citrate au litre. 

B. — Une solution de tartrate gauche d'ammoniaque pur rigou- 
reusement exempt de tartrate droit^ contenant 20 grammes de 
tartrate par litre k laquelle on ajoute 5 k 6°° de formol pour 
assurer la conservation. 

C. — Solution ac^tique d'acdtate de chaux obtenu en dissolvant 
16 grammes de carbonate de chaux chimiquement pin- dans 120°° 
d'acide ac^tique cristallisable et en completant k un litre. 

D. — Une solution de HCl renfermant 40 grammes d'acide a 
22 B. par litre. 

E. — ^Une solution renfermant: 5 grammes de COaCa dissous 
dans 20 grammes d'acide ac^tique, et 100 gramumes d'ac6tate de 
sonde par litre. 

F. — Une solution de Mno4 K ^ 16 grammes environ par litre. 

Cette derni^re solution est titr^e par rapport k une solution 

'Pour sa preparation.— Voir pour plus de details le Bull. Soc. chim., 1910, 
T. 7., p. 571. 
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d'acide tartrique pur de titre connu (determin6 volum^trique- 

ment k I'aJde d'une solution KoH ^' 

10 

Pour effectuer un dosage d'acide tartrique, qu'il y ait ou non en 
pr&ence des m^taux g^nants, on ajoute k la solution tartrique 
ramen^e k un voliune de 150°° environ 10 k 15°° de la solution A 
(Qtrate d'ammoniaque) puis successivement 25°° de la solution 
B. et 20°° de la solution C. 

On melange avec un a^tateur et on abandonne quelques heures; 
la dur6e de ce repos doit atteindre 12 heures dans le cas oil la 
liqueur renferme des quantites appr^ciables de m6taux gdnants. 
(Fe. Al. SI.) 

Ce temps 4coul6 le pr6cipit6 est jet6 sur filtre lav6 k I'eau froide, 
puis le filtre est perce et le pr6cipit6 entrain6 k I'aide d'un jet de 
pissette dans un vase k pr6cipiter. On ajoute 20°° k la solu- 
tion chlorhydrique D. avec laquelle on lave le filtre. La dissolu- 
tion du rac^mate termin6e on 6tend k 150°° et on additionne le 
liquide de 40 k 50°° de solution E, apr^s avoir amen6 la liqueur 
vers 80° au bain-marie on I'abandonne au refroidissement quel- 
ques heures, puis le pr6cipit6 est jetd sur filtre lav6 et dissous sur 
le filtre mdme k I'aide d'une solution chaude d'acide sulfurique k 
10% en volume.^ Cette solution est recueillie dans une capsule de 
porcelaine, elle est port6e k I'^bullition et titr6e en faisant tomber 
goutte k goutte le Mno4K tout en agitant et en continuant k faire 
bouillir. Le nombre obtenu pour I'acide tartrique contenu dans le 
rac&nate, divis6 par 2, fournit celui qui correspond k I'acide 
tartrique droit, contenu dans la solution analys6e. 

Applications qui Ont Ete Faites de ce Procede 
/. Cas des Tartres et des Lies 
La m^thode de precipitation de I'acide tartrique k I'^tat de 
rac^mate de chaux en presence de citrate d'ammoniaque s'applique 
tr6s bien au dosage de cet acide dans les tartres et dans les lies 

'La teneur en SoJI. influengant le dosage au permanganate il eat indis- 
pensable de titrer la solution F. de UnotK., puis le ra,c6mate, k 1 aide de cette 
solution F, dans un milieu contenant a peu pr6s toujours la m6me teneur en 
SoiHi; I'emploi d'acide sulfurique k 10% en volume est en particulier tr6s 
commode. 
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qui renferment des quantit^s de fer, d'alumine non g^nantes 
grdce au citrate d'ammoniaque. 

' A cet effet on dissout dans I'eau chaude l^gerement acidul4e 
par quelques gouttes de Hcl la quantity de tartre ou de lies que 
Ton suppose renfermer approximativement gr. 200 d'acide 
tartrique (de gr. 300 pour les tartres riches £l 2 gr. 000 pour les 
lies) . La liqueur apr^s refroidissement complete est filtr6e, ramen^e 
k 150°° on ajoute 10 k 15°" d'une solution de citrate d'ammoniaque 
on neutralise la plus grande partie de I'acide chlorhydrique par, 
NH3, puis on additionne la liqueur d'ac^tate de soude^ et on pr6- 
cipit6 le'rac^mate suivant le m^thode g^n^rale. 

Voici les r4sultats que nous avons obtenu avec im tartre com- 
mercial. 



Poids 


Citrate d'ammoniaque 


Acide tartrique % 


gr. 303 





67,1 


gr. 252 





66,6 


gr. 300 


gr. 500 


68,6 



Le mSme tartre precipit^ par I'alcool 95°, puis titr6 par KoH — 

10 
(M6thode Berthelot et de Fleurieu) nous a donn6: Acide tartrique 
%: 61, 0. 

Nous avons dose I'acide tartrique dans ime lie renfermant 6, 
48% de cendres min^rales. 

La m^thode au rac6mate-citrate nous a donn6 10, 3% d'acide 
tartrique, tandis que la m^thode de precipitation du bitartrate 
de potasse par I'alcool ne nous en a donn6 que 6, 75%. 

Afin de voir I'influence des substances min^rales que renfermait 
cette lie sur la precipitation du rac^mate, nous avons dissous les 
cendres provenant de 2 grammes de lie dans de I'eau ac^tique et 
la solution obtenue a ete a jout^e k une quantity connue d'acide 
tartrique, puis celui-ci a 6U pr^cipite k I'^tat de rac^mate en 
presence et en I'absence de citrate. 

Voici les r&ultats: Acide tartrique 

Trouve Theorie 

Presence de citrate 0,2088 0,2076 

Absence de citrate 0,1980 0,2076 

ill peut arriver qu'k ce moment il se produise un 16ger louche dA k la pre- 
cipitation d'alumine; il n'y a pas lieu de s'en pr^occuper, on ajoute une nou- 
veUe quantity de citrate d'ammoniaque et on continue le dosage. 
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Nous nous sommes assures, indirectement il est vrai, que les 
substances organiques que les lies renfennent, n'avaient pas d' 
influence sensible sur la precipitation du rac6mate; a cet effet 1 
gramme de lie renfermant 10,3% d'acide tartrique a 6t& addi- 
tionnd de gr. 1038 d'acide tartrique pur, or le dosage de I'acide 
tartrique total nous a donn6 gr. 210 au lieu du nombre th^orique 
0,2064, somme de I'acide tartrique pur et de I'acide trouv6 pr^- 
alablement dans la lie. 

//. Cos des Vins. Cidres. Poires. 

Nous rappellerons seulement pour m^moire les r6sultats d6j4 
publics par I'un de nous. 

La m6thode au rac^mate permet le dosage rigoureux d I'acide 
tartrique dans les vins naturels ou pl&tres*; un vin synth^tique a 
€t€ analyst par la m^thode au racdmate et par la m^thode officielle 
ainsi qu'ime partie de ce vin pr6alablement pl&tr6. 

Les rfeultats ont 6t6 les suivants: 

Acide tartrique par litre 
M^thode au Methode 

rac^mate officielle Theorie 

Vinnonpiatr6 2 gr. 01 2 gr. 18 2 gr. 025 

(id) 2gr. 04 2 gr. 07 (id) 

Vinpl&tr^ 2gr. 05 1 gr. 80 (id) 

Cette methode a donn6 6galement de trfe bons r^sultats dans 
le dosage de I'acide tartrique dans les cidres, poires et Minaigres', 
ainsi qu'il r^sulte des analyses suivantes effectu^es sur des pro- 
duits synth^tiques. Acide tartrique par Utre 

Methode au Methode 
rac^mate officielle Theorie 

CidreNM 3,98 4,02 

adreN°.2 3,17 2,69 3,22 

Vinaigre 1)50 1,52 

En r6suni6 la methode au rac6mate pour le dosage de I'acide 
tartrique se pr^sente comme une methode g6nerale applicable 
aussi bien dans le cas du dosage de I'acide dans les sels m^talli- 
ques que dans le cas de produits tr& complexes tels que les bois- 
sons fermentdes, les tartres et les lies. 

'A. Kling. — Dosage de I'acide tartrique dans lea Vins (Bull, de chimie T. 7, 

'A. kUng et L. Gobert. — Dosage de I'acide tartrique dans les cidres epoirfe. 
(Ann. de fdsif, T. 4, p. 185.) 



APPLICATION DE LA METHODE DE DOSAGE DE 
L'ACIDE TARTRIQUE A L'ETAT DE RACEMATE 
DE CHAUX, AUX CAS DES SOLUTIONS 
D'ETHERS TARTRIQUES 

Par M. Andre Klinq, Diredeur du Laborataire Municipal de la 
Ville de Paris et 

E. Gelin, Chimiste Controleur au Laboratoire Municipal de la 
Ville de Paris 

A 1 'occasion d'un travail actuellement en cours nous avons 
eu S, nous pr6occuper de determiner less quantit6s respectives 
d'acide libre et combing dans des solutions hydroalcooliques, 
contenant h la fois de 1 'acide tartrique et de 1 '6ther 6thyltartrique. 

L'un de nous ayant institu6 un mode de dosage de I'acide tar- 
trique par precipitation k I'^tat de rac6mate de chaux, nous 
avions tout d'abord essay6 d'imaginer im proc^de analogue 
pour pr^cipiter I'acide ethyltartrique. A cet effet, nous avions 
pr6par6 de I'acide 6thyltartrique gauche dans I'espoir qu'en 
I'ajoutant k I'acide ethyltartrique droit, il se formerait un ra- 
c6mique ethyltartrique, pr^cipite k I'^tat de sel alcalino-terreux. 
Mais nous avons dti renoncer k ce mode op^ratoire qui ne nous 
a pas donne satisfaction. 

Nous nous sommes alors rabattus siu' la metode consistant k 
doser I'acide tartrique existant soit k I'^tat d'acide libre, soit 
k I'etat de sel alcalin par formation du rac^mate de chaux sui- 
vant la metode publi6e anterieurement, puis k saponifier 1 'ether 
ethyltartrique et k doser sous forme de rac^mate I'acide tar- 
trique droit total. 

Partant de ce principe que le proc6de au rac^mate s 'applique 
rigoiu-eusement au cas d'acide tartrique libre ou^l'etat de tar- 
trate alcalin, il importait de se rendre compte tout d'abord s'il 
en etait encore de mSme dans le cas de la presence simultanee 
d'acide libre ou de tartrate alcalin et d 'ethers tartriques. 

On pouvait craindre, en effet, qu'au des operations relatives 
au dosage de I'acide, ime certaine quantite des ethers ne sublt 
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la saponification et que, de ce fait, une nouvelle quantity d'acide 
lib^r^ ne vint s'ajouter k celJe primitivement contenue dans la 
liqueur. 

Les divers essais que nous avons effectu^s k ] 'aide de solutions 
tartriques (rendues acides par I'acide acetique) additionn6es 
de quantit^s variables d 'Others tartriques (acide ethyltartrique 
et tartrate neutre d'^thyle) nous ont prouv6 que nos craintes 
n'^taient pas fondles et que, dans le cas de solutions acides con- 
tenant un melange d'acide tartrique et d'^ther tartrique la mi- 
thode au rac^mate permettait de pr^cipiter exclusivement 
I'acide tartrique qui y 6tsdt contenu k I'^tat libre ou k I'^tat de 
sels alcalins. 

II y avait ^galement lieu de se demander si par saponification, 
en solution tr& faiblement alcalin, (par la soude, la potasse ou 
la chaux) et ^tendue, I'acide ethyltartrique et le tartrate neutre 
d 'ethyl regen^raient sans alteration tout I'acide tartrique auquel 
I'alcool etait combine dans ces ethers. 

Pour le verifier, nous avons pris des poids connus d'acide tar- 
trique pur, nous les avons dissous dans I'alcool S, 96° et par chau- 
ffage en tubes seniles vers 150° pendant 48 heures, nous avons de- 
termine retherification partielle du melange. Apres refroidisse- 
ment des solutions ainsi obtenues, nous avons ouvert les tubes 
scenes et traite le contenu au refrigerant ascendant par un petit 
exc^s de potasse ou de soude, et ayant acedifie les liqueurs re- 
sultant par I'acide acetique, nous avons dose I'acide tartrique 
a retat de racemate. 

Nous avons obtenus les resultats suivants: 

Acide tartrique Acide tartrique 

th^orie dos6 

5,15 5,12 

6,36 6,35 

7,55 7,49 

8,71 8,65 

Ces resultats prouvent que par saponification dans les con- 
ditions ci-dessus indiquees, la totalite de I'acide tartrique exis- 
tant k retat d 'ethers se trouve regeneree. 
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Application de la Methode 

Nous rappellerons d'abord bri^vement la technique du dosage 
de I'acide tartrique droit. 

Pr61ever \m volume de la solution k analyser tel qu'il contienne 
environ gr. I ^ gr. 2 d'acide tartrique, I'^tendre d'eau k 
150°°'.' ajouter 25°".' de la solution de tartrate gauche d'am- 
moniaque ^ 20 gr. 1 et 20°°' de la solution d'ac6tate de chaux 
ac6tique. Laisser reposer | heure, filtrer, laver le rac6mate sur 
filtre k I'eau froide; crever le fiitre et faire passer le rac6mate 
au moyen d'un jet de pissette dans un vase k pr6cipiter. Laver 
le filtre avec 20°°' de la solution chlorhydrique k 40 g. 1. d'acide 
k 22° B*. Le rac6mate se dissout dans HCl. Etendre k 150'"'- 
avec de I'eau et ajouter 40 k 50°°' de la solution ac6tique d 'ace- 
tate de soude et de chaux. Apr6s Ebullition, laisser refroidir et 
filtrer le racdmate de chaux. Dissoudre ce rac^mate sur le filtre 
m6me au moyen d'une solution bouillante d'acide sulfurique 
k 10%. Titrer cette solution sulfurique de rac6mate de chaux 
avec une solution de permanganate de potasse k 16 g. 1. que I'on 
aura 6taloim6e elle m^me en la faisant tomber goutte k goutte 
dans une solution sulfurique d'acide tartrique connue maintenue 
k r6bullition comme pour un dosage d'acide oxalique.^ 

Pour faire application de cette m6thode au cas de la pr6sence 
simultan^e dans une solution d'acide tartrique ou de tartrate 
et d 'Ethers tartriques, nous avons commence par faire de sem- 
blables melanges. 

A cet effet, nous avons 6th6rifi6 en tubes scSllEs, par chaufifage 

durant 48 heures k 150° degrEs, des solutions alcooUques d'acide 

tartrique. On salt que dans ces conditions la solution aicooUque 

partiellement 6th6rifi6e contient: de I'acide tartrique fibre, de 

I'acide Ethyltartrique et du tartrate neutre d'Ethyle dans les 

proportions variables suivant les conditions dans lesqueUes I'EthEr- 

ification a 6t6 conduite. 

Afin de calculer ces proportions nous avons opErE de la facon 

suivante: 

■II importe pour obtenir des rfisultats rigoureux de faire le titrage du per- 
manganate et le dosage du racfemate en op6rant dans des liquides ayant la 
mdme concentration sulfurique. L 'experience montre en effet que le voliune 
de permanganate k ajouter pour oxyder une mfime quantity d'acide tartri- 
que, varie un peu avec la concentration de la liqueur en acide sulfurique. 
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D^signons par: 

a la quantity d'acide tartrique total introduite 

X la quantity d'acide tartrique libre dans le melange 

y la quantity d'acide tartrique engag6 k I'^tat d'acide 6thyl- 

tartrique. 
z la quantity d'acide tartrique transform^ en 6ther tartrique 

neutre. 

Nous pouvons d'aprfe ce qui a 6t6 expose au paragraphe pr^ 

cMent doser I'acide libre en le precipitant £1 I'^tat de rac6mate. 

Soit C la proportion % d'acide libre ainsi d6termin6e. 

Un^titrage acidim^trique effectu^ k I'aide de la potasse — dont 

10 
les r&ultats seront exprimfe en acide tartrique permet de deter- 
miner I'acidite totale b due 1°, k I'acide tartrique libre et 2° k 
celui combine sous forme d'acide ethyltartrique, [I'acidite de ce 
dernier CzHe COj - (CH0H)2- CO2H etant la moitie de celle de 
1 'acide CO2H - (CHOH)^ CO2H]. 

Or les valeurs a, b, c, x, y, z, ci-dessus designees sont relives entre 
elles par le syst^me d 'equations suivant: 



(1) 




a=x+y+z 


(2) 

(3) 

En resolvant ce 


syst^me ( 
x=c 


b=x + y 
2 
c=x= 
Dn obtient: 




y=2 
z=a- 


(b-c) 
-2b+c 



On voit qu'en principe, la methode dont nous avons fait usage 
permet dans des melanges oti n'entrent que de I'acide tartrique 
et ses ethers ethyliques de determiner k la fois les proportions 
d'acide libre, d'acide ethyltartrique et d 'ether neutre. 

•Ce titrage par la potasse tj: dont etre fait tr6s rapidement et k tr6s basse 

temperature, vers zero degr6 pour eviter que la potasse aiout^enesapomfie 
les ethers tartnques existant dans le melange. 
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Nous I'avons appliqu6e k des melanges de ce genre et nous avons 
obtenu les r6sultats suivants: 

1° Melange 
35 gr. 617 solution tartrique k 150 g. 1. 
54 gr. 854 alcool absolu 
Apr^s chauffage en tube sc6116, il fut trouv6: 
a =5,15 x = l,60% 

b=2,22 d'oii y = l,24% 

c = l,60 z=2,31% 

Acide tartrique introduit .... 5,15% 
Acide tartrique total retrouv6. 5,12% 

2° MMange 
45 gr. 183 solution tartrique k 150 g. 1. 
47 gr. 520 alcool absolu 
Apr^s chauffage en tube sc6116 il fut trouv6: 
a =6,36 x = l,99% 

b=3,24 d'oil y=2,50% 

c = l,99 z = l,87% 

Acide tartrique total introduit 6,36% 

Acide tartrique total retrouv6 6,35% 

3° M Mange 
54 gr. 780 solution tartrique k 150 g. 1. 
40 gr. 268 alcool absolu 
Apr6s chauffage en tube sc6116 il fut trouv6: 
a=7,55 x=2,62 

b=4,55 d'oil y=3,86 

c=2,62 z = l,07 

Acide tartrique total introduit 7,55% 

Acide tartrique total retrouv6 7,49% 

4° Mdange 
65 gr. 086 solution tartrique k 150 g. 1. 
32 gr. 596 alcool absolu 
Aprfe chauffage en tube sc6116 il fut trouv6: 
a =8,71 x=4,22 

b=6,18 d'oii y=3,92 

c=4,22 z=0,57 

Acide tartrique total introduit 8,71% 

Acide tartrique total retrouv6. . . .8,65% 
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Mais dans la pratique, des melanges tels que ceux mentionnes 
ci-dessus ne se pr^sentent qu'exceptionnellement. Le plus sou- 
vent, comme dans le cas des vins et autres liquides fermentfe, 
on se trouve en presence de solutions contenant: acide tartrique 
libre, tartrates acide et neutre, others tartriques et autres sub- 
stances a caractere acide plus ou moins accus6. En pareille oc- 
curence, il ne pent plus 6tre question, k I 'aide des seules donn^es: 
acide tartrique total, acide tartrique libre, acidite totale de r^- 
soudre le probleme ainsi que nous I'avons fait dans le cas simple, 
et d'6tablir quelles sont les diverses proportions d 'acide tartrique 
sous ses diverses formes. Dans ces cas ce qu'il est possible d'eff- 
ectuer, c'est la determination des proportions d 'acide tartrique 
libre ou combing k I'^tat de sel, et de 1 'acide existant k I'^tat 
d 'ether (acide ou neutre.) 

Pour cela on commencera d'abord par un premier dosage di- 
rect en formant le rac^mate pour determiner 1 'acide tartrique 
existant k I'etat libre et k I'etat de sel alcalin. Puis apr^s une 
saponification, par un nouveau dosage k I'etat de racemate on 
dosera 1 'acide tartrique total. La difference entre les deux re- 
sultats obtenus donnera la proportion d 'acide tartrique exis- 
tant k retat d 'ethers. 
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A METHOD FOR THE QUALITATIVE ANALYSIS OF 
THE CALCIUM GROUP 

By Richard Edwin Lee and F. L. Mickle 



Introdiution: Oviline of Investigation Part II. Analysis of Group 
Part I. Precipitation of Group Part III. Sumviary 

inteoduction: outline op the investigation 

Although it is well known that many of the methods which are 
generally used in qualitative analysis need revision, apparently 
very little time has been devoted to the systematic study of their 
relative effectiveness. It would seem, therefore, that any investi- 
gation which comprehended a detailed study of qualitative methods 
with particular reference to their accuracy in detecting small 
amounts of the elements in the presence of large amounts of any or 
all of the other elements, and for the purpose of developing and 
formulating more reliable procedures, would be of considerable 
value to the analytical chemist. 

The investigation reported in this paper was undertaken not for 
the purpose of making an experimental survey of all the qualitative 
methods, but of only those which are most frequently used in 
precipitating and separating the metals of the Calcium Group, 
namely, barium, strontium and calcium. 

It was hoped that the result of such an examination would 
render possible the selection of the best of the proposed methods 
and enable the formulation of the conditions best adapted to secur- 
ing the desired end. As the work progressed, and larger discrepan- 
cies among the recommended procedures than had been anticipated 
were noted, it became obvious that although some methods ought 
to be revised, others ought to be rejected and new ones substituted, 
if possible. 

The results of the investigation are reported in the order of 
their dependence. For convenience in presenting data, the paper 
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has been divided into three parts: "Precipitation of the Group," 
"Analysis of the Group," and "Siumnary." Under each of the 
first two parts there is first presented a "General Discussion" in 
which the reasons for rejecting certain processes, and adopting 
others, are given. This is followed by a record of the "Test Ex- 
periments" which were performed to test the accuracy of a given 
process. Next there is presented the "Procedure and Notes" in 
which the various details of the adopted procedure are submitted 
and briefly discussed. 

The abbreviations used in the cross references may be explained 
as follows: G. D. is used for General Discussion; P. for Procedure; 
N. for Notes; T. E. for Test Experiments. 

The authors take this opportunity of expressing their apprecia- 
tion of the assistance extended by Mr. Walter Fegley who co- 
operated with them in carrying out the experimental details of the 
investigation. 

Part I. Pkecipitation of the Group 

(a) General Discussion (b) Test Experiments (c) Procedure 

General Discussion 

With respect to the original precipitation of the elements of 
this group, schemes of quaUtative analysis differ as to whether 
magnesium should be precipitated separately or with this group. 

Among the objections offered to the precipitation of magnesium 
with the Calcium Group is the fact that the concentration of the 
carbonate ions requisite for the complete precipitation of magne- 
sium as a double ammonium magnesium carbonate [MgCOs. (NH4)2 
COS.4H2O], is so great that there is danger of precipitating 
lithium carbonate at the same time. Moreover, the analysis of 
the group is made more complex. 

The majority of authors' prefer a separate precipitation for 

iThose in Group I suggest a separate precipitation of magnesium; those in 
Group II precipitate magnesium with the Calcium Group. 

Group I: Qual. Anal.- Bailey and Cady, Qual. Anal.- Bottger, Wm., Qual. 
Anal.- Dennis and Whittelsey, Qual. Chem. Anal.- Eliot and Storer, Qual. 
Chem. Anal.- Fresenius, C. R., Qual. Anal.- Gooch and Walker, Qual. Chem. 
Anal.- Hinds, J. D., Qual. Chem. Anal.- Jones, C, Qual. Anal.- Morgan, W. 
C, Qual. Chem. Anal.- Newth, Qual. Chem. Anal.- Noyes, A. A., Qud. Anal.- 
Noyes, Wm. A., Qual. Chem. Anal.- Scott, W. W., Qual. Chem. Anal.- 
Tower O. F., Qual. Anal.- Treadwell-Hall, Qual. Anal.- Long, J. H., Anal. 
Chem.-Menschutkin, N. (trans, by Locke), Qual. Chem. Anal.- Perkin, F. M. 

Group II : Qual. Chem. Anal.- Noyes, Bray and Spear. 
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magnesium. The objections ofTered to this procedure are due to 
the difficulties encountered in securing a complete precipitation of 
barium, strontium and calcium without precipitating some magne- 
sium, but these difficulties may in a large measure be overcome by 
a proper regulation of the conditions under which precipitation is 
effected. 

It has seemed advisable, therefore, to adopt the method of 
precipitating magnesium separate from the Calcium Group. 

The next problem to be solved was the determination of the 
most reliable group precipitant. A study of many of the procedures 
recommended showed that whereas practically all of the authors 
propose precipitation of the group by ammonium carbonate in the 
presence of ammonivim chloride and ammonium hydroxide, the 
directions vary greatly as to the concentration of, and the quantity 
to be used of these reagents. See footnote* for comparative study 
of procedures adopted by various authors. 

Again, confusion was found to exist in regard to the optimum 
temperature for precipitating the group in order to accomplish its 

'Authors in Group I suggest the addition of NH4OH until the solution is 
just alkaline; those in Group II fail to provide for the use of NH.OH; those in 
Group III advise the addition of this reagent but do not give directions con- 
cerning the amount to be used. 

Group I: Bailey and Cady, Bottger, Wm., Hinds, J., HiU, A. E., Newth, G. 
S., Scott, W. W.,Long, J. H., Mensohutkin, N. rtransl.). Group II: Tower, 
0. F., Perkin, F. M. Group III: Dennis and Whittelsey, Fresenius, C. R., 
Jones, C., Noyes, Wm. A., Treadwell-Hall. 

Authors in Group I do not recommend the use of NHjCl; those in Group 
II suggest the addition of NH,C1 but do not specify the amount; those in 
GrouplII advise the addition of a definite amount of NH«C1. 

Group I: B6ttger, Wm., Jones, C, Treadwell-Hall, Analytical Chemistry, 
Vol. I, Pg. 55, Par. 2 ("In the presence of considerable ammonium chloride and 
only small amounts of ammonium carbonate a precipitate of calcium often 
fails to form"), Perkin, F. M. 

Group II: Bailey and Cady, Dennis and Whittelsey, Fresenius, C. R., 
Hinds, J. I. D., Newth, G. S., Noyes, W. A., Tower, 0. F., Long, J. H., 
Hill, A. E. 

Group III: Scott, W.W. 

Authors in Group I advise the addition of a stated amount of (NH«)iCOj as 
the group precipitant; those in Group II direct its addition in slight exc^ or 
80 long as a precipitate continues to form; those in Group III specify a large 
excess. 

Group I: Scott, W. W., Hill, A. E. 

Group II: Bottger, Wm., Dennis and Whittelsey, Fresenius, C. R., Jones, 
C, Newfii, G. S., Noyes, W. A., Tower, O. F., Long, J. H., Perkin, F. M. 

Group III: Bailey and Cady, Hinds, J. I. D., TreadweU-HaU. 
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complete separation from the other groups. Some authors^ give 
directions for precipitating from boiling solutions; some from 
solutions slightly warm; and others, precipitate from cold solutions. 
It is obvious that although the various authors have a common 
aim, namely, the complete precipitation of the group, the greatest 
discrepancy exists as to the directions for securing this result. 

The work as conducted in this laboratory indicates that pre- 
cipitation is most satisfactorily accomplished by the method out- 
Uned in Procedure I. 

The method of precipitating the group with ammonium carbo- 
nate containing a definite concentration of COj ions, from a cold, 
slightly alkaline solution to which 10-15 cc. of ammonium chloride 
have been added (providing this reagent is not abeady present as 
the result of the precipitation of previous groups) gives an approx- 
imately complete precipitation of barium, strontimn, and calcium 
as carbonates and prevents the precipitation of magnesium. 
This practically eUminates all difficulties attendant upon the sepa- 
ration of this group, and is, therefore, satisfactory as a method. 

Test Experiments and References 

Series I. — Difficulties Encountered in Attempting to Precipitate 
Magnesium with the Calcium Group. 

After a few trial experiments in an attempt to follow the pro- 
cedure of precipitating magnesimn with the Calcium Group, this 
method was rejected on the grounds that it possessed no advantages 
over the method of precipitating magnesium alone, and that it 
made the analysis of the group more complex. 

Series II. — Determination of the Most Advantageous Concentror 
tion of CO3 Ions in the Precipitant. 

After making a considerable number of exploratory tests, it was 
concluded that the group precipitant should be prepared in the 
following manner: Dissolve 200 gm. of (NH4)2C08 in 500 cc. of 

'Authors in Group I precipitate at boiling temperature; those in Group II 
direct that the solution be gently warmed; those in Group III precipitate ftom 
cold solutions; those in Group IV precipitate from cold solutions and then 
gently warm the mixture. Group I: Baily and Cady, Bottger, Wm., Scott, W. 
W., Tower, O. F., Perkin, F. M., Treadwell-Hall. Group II: Fresenius, C. R., 
Newth, G. S., Menschutkin, N. (trans, by Locke). Group III: Noyes and 
Bray. Group IV: Dennis and Whittelsey, Hill, A. E., Jones, 0,, Long, J. H., 
Noyes, W. A. 
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strong NH4OH (sp. gr. 0.90) and dilute to a liter with distilled 
water. 

Series III. — Completeness of Separation of Magnesium from the 
Members of the Calcium Group as Secured by the Method Outlined in 
Procedure I. 

In the following series of experiments the amount of the metal 
in the form of the chloride was dissolved in distilled water and 
diluted to 10 cc. The solution was then made slightly alkahne 
with (5N) NH4OH, and 10-15 cc. (5N) NH4CI were added. 
Precipitation in every case was carried out in the cold by the addi- 
tion of an excess of (NH4)sCOs. 

A. Magnesium 

0.10 gm. Mg [8.22 cc. (IN) MgCb.OHjO] failed to give a pre- 
cipitate in 8 minutes. 

0.12 gm. Mg [4.92 cc. (2N) MgClj.OHjO] gave no precipitate 
at first but a slight precipitate formed in from 3-10 minutes accord- 
ing to the amount of NH4CI added. 

0.13 gm. Mg [5.34 cc (2N) MgCU. eHjO] gave no precipitate at 
once but a distinct precipitate formed after 5-6 minutes. 

0.15 gm. Mg [6.17 cc. (2N) MgClj. 6H2O] gave no precipitate 
immediately but a distinct precipitate after 3 minutes. 

0.20 gm. Mg [8.22 cc. (2N) MgClj. 6H2O] gave a precipitate 
at once. 

These test experiments with Mg as MgClj. 6H2O show that this 
metal, imless present in a greater quantity than 0.13-15gm. will 
not interfere with the precipitation of this group of metals. The 
presence of this large quantity would occur only rarely. The fore- 
going series of experiments, however, indicates that the procedure 
should not be interrupted at this point as a precipitate forms more 
readily on standing. 

B. The Calcium Group 
1. Barium. 

0.001 gm. Ba (1.45 cc. N/100 BaClj. 2H2O) gave no precipitate 
on standing for 10 minutes. 

0.002 gm. Ba (1.45 cc. N/50 sol.), no precipitate separated on 
standing for 10 minutes. 
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0.003 gm. Ba (0.43 cc. N/10 sol.;, a distinct precipitate separ 
rated after 1-2 minutes. 

2. Strontium. 

0.001 gm. Sr (2.28 cc. N/100 SrCU. 6H2O) gave no precipitate 
on standing for 10 minutes. 

0.002 gm. Sr (2.28 cc. N/50 sol.), no precipitate separated on 
standing for 10 minutes. 

0.003 gm. Sr (0.70 cc. N/10 sol.), a distinct precipitate sepa- 
rated in 1-2 minutes. 

3. Calcium. 

0.001 gm. Ca (4.99 cc. N/100 CaClj. H2O) gave no precipitate 
on standing for 10 minutes. 

0.002 gm. Ca (4.99 cc. N/50 sol.), no precipitate separated but 
the solution became turbid after standing for a few minutes. 

0.003 gm. Ca (1.50 cc. N/10 sol.), a distinct precipitate was 
obtained after 1-2 minutes. 

This series of test experiments shows that quantities as small as 
0.003 gm. of either Ba, Sr, or Ca are precipitated in 1-2 minutes. 
By the method outlined, therefore, the precipitation of these metals 
is practically complete. 

Series IV. — The Determination of the Amount of Ammonium 
Hydroxide to be used in Precipitating the Group. 

All the experimental work relating to the precipitation of the 
group showed that the solution should be made just slightly alka- 
line prior to adding the group precipitant. Too large an excess has 
a tendency to precipitate some of the metals as hydroxides. 

Series V. — The Effect of the Presence of Varying Amounts of 
Ammonium Chloride on the Separation of Magnesium from the 
Members of the Calcium Group. 

In the following series of experiments the amount of the metal 
in the form of the chloride was dissolved in distilled water and 
diluted to 10 cc. The solution was then made slightly alkaline 
with (5N) NH4OH, and an excess of (NH4)2C03 added. Precipita- 
tion in every case was made from cold solutions. 
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A. Effect upon Magnesium 

1. In the presence of 6 cc. of 5N NHt CI, 

0.03 gm. Mg (2.47 cc. IN MgClj. 6HjO) gave no precipitate on 
standing 10 minutes. 

0.04 gm. Mg (3.29 cc. of sol.) gave a slight precipitate after 
10 minutes. 

0.05 gm. Mg (4.11 cc. of sol.) gave a very slight precipitate imme- 
diately. 

0.06 gm. Mg (4.92 cc. of sol.) gave a heavy precipitate at once. 

2. In the Presence of 10 cc. of 6N NHtCl. 

0.10 gm. Mg (8.22 cc. IN MgClg. eHjO) failed to give a precip- 
itate on standing 8 minutes. 

0.12 gm. Mg (4.93 cc. 2N sol.) gave a slight precipitate on stand- 
ing 3 minutes. 

0.15 gm. Mg (6.17 cc. of 2N sol.) gave no precipitate at once but 
a distinct precipitate in 3 minutes. 

0.20 gm. Mg (8.22 cc. of 2N sol.) gave a heavy precipitate at 
once. 

3. In the Presence of 15 cc. of BN NHiCl. 

0.12 gm. Mg (4.93 cc. of 2N MgCU. 6H2O) gave no precipitate 
at once but a slight precipitate after 9 minutes. (After this precip- 
itate had stood for 10 minutes, it could not be distinguished with 
regard to size from the one in the experiment in which the same 
amount of Mg was present but to which only 10 cc. 5N NH4CI 
were added.) 

0.13 gm. Mg (5.34 cc. of 2N sol.) gave no precipitate at first 
but a distinct precipitate separated after 6 minutes. (Results ob- 
tained in this test experiment were practically identical with those 
in the experiment in which the same amount of Mg was used but 
10 cc. of 5N NH4CI were present.) 

4. In the Presence of 20 cc. ofSN NHaCI. 

0.12 gm Mg (4.93 cc. of 2N MgClj. 6H2O) gave no precipitate 
at first but a small precipitate separated after 10 minutes. (Re- 
sults with 0.12 gm. Mg were practically identical when using either 
10, 15, or 20 cc. of 5N NH4CI.) 

These experiments show that when working with a solution 
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diluted to 10 cc. the addition of an equal volume of 5N NH4CI is 
effective in holding in solution 0.15 gm. Mg, whereas the addition 
of but 5 cc. 5N NH4CI is effective in holding in solution but 0.04 
gm. Mg. The addition of either 10, 15, or 20 cc. of 5N NH4CI 
gave practically identical results. (Cf . P. I.) 

B. Effect upon Barium, Strontium, and Calcium 

1. In the presence of no NHiCl. 

0.001 gm. each of Ba, Sr, and Ca, as chlorides gave no precipitate 
on standing for 10 minutes. 

0.002 gm. each of the three metals, as chlorides gave no precipi- 
tate in 10 minutes. However, the solution containing the Ca 
became slightly turbid. 

0.003 gm. of either one of the three metals as chlorides gave a 
distinct precipitate after 3 minutes. 

0.005 gm. of either one of the three metals as chlorides yielded a 
heavy precipitate at once. 

2. In the Presence of 10 cc. ofBN NH4PI. 

0.002 gm. of either Ba, Sr, or Ca, as chlorides, gave no pre- 
cipitate on standing for 10 minutes. 

0.003 gm. of either Ba, Sr, or Ca, as chlorides, gave a distinct 
precipitate after 1 minute. 

The results of this portion of the investigation tend to show, 
therefore, that the precipitation of the members of the Calcium 
Group is unaffected by the addition of 5N NH4CI in quantities up 
to and including an equal volimie. 

Series VI. — The Effect of Temperature on the Separation of Mag- 
nesium from the Calcium Group. 

In the following series of experiments the specified amount of 
the metal in the form of the chloride was dissolved in distilled 
water and diluted to 10 cc. The solution was made sUghtly alkaline 
with 5N NH4OH, and 10-15 cc. of 5N NH4CI were added. Pre- 
cipitation was then effected by the addition of an excess of the 
special reagent (NH4)2C03. (Cf. T. E., Series II.) 
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A. Magnesium 

1. Precipitation at Boiling Temperature. 

0.06 gm. Mg (4.92 cc. of IN MgClj. eHjO) gave no precipitate. 

0.07 gm. Mg (5.75 cc. of IN sol.) gave a distinct precipitate 
which dissolved after the solution was boiled for 2.5 minutes, 
with frequent shaking. 

0.10 gm. Mg (8.22 cc of IN sol.) gave a heavy precipitate which 
did not appreciably dissolve when heated for 30 minutes at a tem- 
perature of 76°-80'' C. The precipitate dissolved, however, after 
being boiled vigorously, with frequent shaking, for 3.5 minutes. 

0.12 gm. Mg (9.86 cc. of IN sol.) gave a heavy precipitate which 
would not dissolve when heated at a temperature of 75°-80° C. 
The precipitate dissolved, however, after being boiled hard, with 
frequent shaking, for 4-5 minutes. Several duplicates of this test 
were made. 

2. Precipitation in the Cold. 

0.07 gm. Mg (5.75 cc. of IN MgClj. 6HaO) gave no precipitate 
on standing for 30 minutes. A slight precipitate separated, however, 
when the temperature of the solution was raised to 90-100° C. 

0.10 gm. Mg (8.22 cc. of IN sol.) gave no precipitate on standing 
for 8 minutes. However, when the solution was brought just to 
boiling, a heavy precipitate separated which dissolved only after 
being boiled hard for 3-4 minutes. 

0.12 gm. Mg (4.93 cc. of 2N sol.) gave no precipitate at first. 
A slight precipitate formed after 3 minutes. A heavy precipitate 
separated at once if the solution was warmed. 

0.15 gm. Mg (6.17 cc. of 2N sol.) gave no precipitate at first, but 
a distinct precipitate separated after 3 minutes. 

0.20 gm. Mg (8.22 cc of 2N sol.) gave a large precipitate at once. 

Conclusions: The foregoing set of test experiments with equal 
volumes of solutions containing various amounts of Mg, as the 
chloride, at boiling temperatures and in the cold, shows conclusively 
that the Mg is precipitated far more readily at boiling temperatures 
or even on being warmed than in the cold. This conclusion is 
directly opposite to the one reached by practically all of the authors 
who were consulted. In the cold, it was not difficult to keep 0.12 
gm.-0.15 gm. Mg in solution, but on boiling or warming the solu- 
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tion either before or after the addition of the precipitant, a distinct 
precipitate was obtained when working with quantities of Mg as 
small as 0.07 gm. Even slight precipitates of Mg failed to dissolve 
when heated for 30 minutes at from 70-80° C. Precipitates kept 
at a temperature just below the boiling-point fpr 3-5 minutes did 
not appear to dissolve. Furthermore, these experiments show that 
precipitates of Mg dissolved only after being boiled vigorously, 
with frequent shaking, for 4-6 minutes; at the end of this time the 
precipitate dissolved suddenly, presumably as the result of hydro- 
lytic action. 

B. The Calcium Group 

Sets of test experiments with small amoimts each of Ba, Sr, and 
Ca, in the form of chlorides, were conducted under conditions 
similar to those of the experiments with Mg. Although it was 
found that the precipitates were slightly heavier in warm solutions, 
yet it was easily possible to detect 0.003 gm. of any of these ele- 
ments in the cold. As this was also the smallest amount that could 
be detected when the solutions were warmed or boiled, either 
before or after the addition of the precipitant, the conclusion is 
that temperature has no disturbing effect on the precipitation of 
these three metals as outlined in the adopted procedure. (Cf . P. I.) 

Conclusions: This series of experiments indicates that in order 
to secure the most favorable conditions for the complete separation 
of Mg from the Calciimi Group, the solution should be kept cold 
throughout the precipitation of the group. 

Pakt I. Precipitation of the Group 
Adopted Procedure, and Notes 

Procedure I. — To the cold solution, which should have a volume 
of approximately 10 cc, add an equal volume of 5N NH4CI solu- 
tion, and then 5 cc. in excess (providing this reagent is not already 
present), and sufficient 5N NH4OH to make the solution alkaline. 
To this mixture (cold) add an equal volume of (NH4)2C03 solution 
(special reagent') and then 3-5 cc. in excess. Shake the mixture 
for one minute. Filter, and test the filtrate for traces of Ba, Sr, and 
Ca by the addition of a few drops of the precipitant. Wash the 

'See T. E., Series II for the method used in preparing this reagent. 
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precipitate into the tip of the filter with cold, distilled water to 
which a little (NH4)2C08 reagent has been added. The filtrate may 
contain Mg ions and ions of the metals of Group VI. For the 
analysis of the group precipitate see Procedure II. 

Note 1. — If the previous groups have been sought, the filtrate 
from Group IV may be colored by the presence of (NH^jS or some 
of the members of the previous groups soluble in that reagent, or in 
NH4OH. If so, a few drops of HC2H3O2 should be added and the 
solution boiled until the H2S formed by the decomposition of the 
(NH4)jS has been expelled and the solution rendered colorless. 
The solution is then concentrated to approximately 10 cc, and any 
residue filtered off and rejected before proceeding with the 
analysis. 

2. — Providing the previous groups have been sought, the proper 
concentration of NH4CI will ordinarily be present in the solution. 
(See T. E., Series V.) 

S. — ^Avoid a large excess of NH4OH in making the solution alka- 
line. (See T. E., Series IV.) 

4. — It is important that the solution be maintained cold through- 
out the precipitation of the group. (Compare T. E., Series VI.) 

Part II. Analysis of the Group 

(a) General Discussion. 

(b) Test Experiments and References. 

(c) Adopted Procedure and Notes. 

General Discussion 
In separating bariiun from the other members of the Calcium 
Group, it seemed advisable to follow the well-known and almost 
universal method of precipitating it as barium chromate. This 
procedure is based upon the order of rapidly increasing solubilities 
of the chromates of barium, strontium, and calcium. Barium 
chromate is practically insoluble in water (0.0038 gm. to the liter), 
thus differing from strontium chromate which is moderately solu- 
ble (1.2 gm. to the liter), and calcium chromate which is quite 
soluble. All of these chromates are soluble in the strong mineral 
acids, but barium chromate alone is only slightly soluble in 
acetic acid, while the chromates of strontium and calciimi are easily 
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soluble in that reagent. In order, therefore, to finally effect a 
complete separation of barium from strontium and calcimn, hydro- 
chloric or nitric acid must not be used in place of acetic acid to 
dissolve the group precipitate, for only in the presence of the ace- 
tate ion or the anion of a similar weak acid is the precipitation of 
barium practically complete. 

Although the precipitation of barium as a chromate seems to be 
the established method, this scheme of analysis appears to differ 
from the majority of them in the choice of the precipitant. That 
is, the precipitation of barium as barium chromate is usually 
effected by the use of a solution of the dichromaie of potassium 
instead of the chromate of that metal, the use of which is recom- 
mended in this paper. The explanation of the formation of a 
chromate when the dichromate reagent is used is based upon the 
fact that the dichromate ion reacts with water forming chromate 
ions; _ _ + 

CrsOr + H2O = 2Cr04 + 2H. 

The usual procedure, when viewed from the standpoints of the 
mass law and of ion effects, rests upon the theory which takes into 
account that acetic acid is but slightly dissociated, and that yellow, 
alkaline chromate solutions are transformed into red dichromates 
when made only slightly acidic. 

That potassium dichromate, however, is not entirely satisfactory 
as a precipitant for barium is admitted by some of the analysts 
who adhere to the use of it. For example, Bottger who uses this 
reagent, says: "Apparently potassium||chromate would furnish a 
more efficient means of separating the barium ion, since its solutions 
contain only chromate ion. It would also precipitate strontitun 
ion, however, and hence is not used as a reagent for Ba.^" 

By an inspection of the test experiments which follow, it may 
be seen that the difficulties attendant on the use of potassium 
chromate have been overcome in an entirely satisfactory manner 
by the methods proposed in this paper. When working with 0.003 
gram of barium, which appears to be the smallest quantity of that 
substance which can be detected by the most accurate methods of 
group precipitation, conclusive confirmatory tests were easily 
obtained. (Compare T. E., Series VII.) 

'Bottger, W., The Principles of Qualitative Analysis, par. 97, pg. 115. 
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The accuracy with which barium may be separated from stron- 
tium and calcium by the use of potassium chromate was fiu'ther 
evidenced by the fact that in experiments where a saturated solu- 
tion of barium chloride was used, the tests for strontium and 
calcium were not interfered with in the slightest degree. (See T. 
E., Series VIII.) On the other hand, the presence of a large con- 
centration of strontiimi and calcium ions caused no confusion in 
confirming barium. (See T. E., Series XII, and Series XIV.) 

The comparatively recent work of Caron and Raquet' practically 
confirms our conclusions with regard to the choice of reagents. 
They found in their study of different reagents with respect to 
their accuracy in detecting and removing barium from strontiimi 
salts that one part of barium may be detected in the presence of one 
hundred and fifty parts of strontium by the use of potassium 
dichromate and that one part of barium in the presence of fif- 
teen thousand parts of strontiiun may be detected by the use 
of potassium chromate. (See T. E., Series VIII.) 

The method followed in securing the separation of strontium 
from calcium departs markedly from the customary procedure. 
The method is based upon the difference in solubility of strontium 
chromate and calcium chromate in mixtures of water and ethyl 
alcohol. Only one or two schemes of analysis were foimd in which 
this principle was utilized in effecting the separation, and in these, 
results were obtained only after the carrying out of a long and 
circuitous procedure. The details of the adopted procedure are 
given in Procedures IV and V. The experimental data concerning 
the delicacy of the test relative to strontium proved that quan- 
tities as small as 0.003 gram may be confirmed easily. The results 
of the experiments with satiu-ated solutions of strontium chloride 
(T. E., Series XII) indicate that the tests for either barium or 
calcium are not rendered less accurate by the presence of a large 
concentration of strontium ions. 

The procedure outlined in this paper provides for the precipita- 
tion of calcium as an oxalate from an alkaline solution, and for its 
confirmation as calcium sulphate in the presence of a relatively 
large quantity of ethyl alcohol. Calcium oxalate is practically 
insoluble in water (0.006 gm. per liter at 20° C.) or in alkaline 

'Bui. 80C. Chim., 3-4, 483-93 (1908); Chem. Abstracts, S, 1940(1908) 
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solution. It is converted into calcium sulphate which is insoluble 
in alcohol, by sulphuric acid. A set of test experiments (T. E., 
Series XIII) supplied conclusive proof that quantities of calcium 
as small as 0.003 gram may readily be confirmed. The results 
obtained from another set of test experiments indicate that the 
tests for barium and strontium are not interfered with by the pres- 
ence of relatively large quantities of barium and strontiiun (T. E., 
Series XIV). 

Test Experiments and References 

Series VII. — The Precipitation of Barium as Barium Chro- 
mate. The Delicacy of the Test. 

After making several exploratory tests the following experiment 
was performed: 0.003 gm. of Ba (0.45 cc. N/10 BaClj. 2H2O) 
which is the least quantity of this metal that can be precipitated by 
the group precipitant, was treated according to Procedure II. A 
distinct yellow precipitate of BaCr04 separated at once. Attempts 
to further confirm this test by dissolving the precipitate in 2 cc. of 
cone. HCl (sp. gr. 1.12) and reprecipitating the Ba as BaS04 by 
the use of a saturated solution of CaS04, were not always successful. 
The Ba was easily confirmed, however, by the flame test. 

In a similar experiment in which 0.005 gm. of Ba (0.72 cc. N/10 
BaCl2. 2H2O) was used, the Ba was readily confirmed as BaS04. 

Series VIII. — Solubility of Barium, Strontium, and Calcium 
Chromates in Water and in Mixtures of Water and Acetic Add. 
Effect of Tem,perature on Solubility. 

1 part of BaCr04 is soluble in 263,160 parts of H2O at 18°— Kohl- 
rausch and Rose, Z. phys. Chem., 12, 241. 

1 part of SrCr04 is soluble in 840 parts of H2O. — Meschezerski, 
Z. anal. Chem., 21, 399. 

1 part of CaCr04 is soluble in 34 parts of H2O. — Schwarz, Dingl., 
198, 159. 

1 part of BaCr04 is soluble in 3670 parts of 5% HC2H3O2. 

1 part of BaCr04 is soluble in 1986 parts of 10% HC2H3O2.— 
Schweitzer, by Fresenius, Z. anal. Chem., 29, 414. 

BaCr04 is practically insoluble in 4N HC2H3O2 at 100°.— Test 
experiments by the authors. 

1 part of SrCr04 is soluble in 63.7 parts of 1% HC2H3O2.— 
Fresenius. 
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SrCrOiis readily soluble in 4N HC2H3O2 at 100.— Test experi- 
ments by the authors. 

CaCrO* is very easily soluble in warm 4N HC2H3O2. 

Considerable difficulty was experienced in determining the con- 
centration of acid best adapted to securing the complete separation 
of bariimi. The results obtained from a long series of qualitative 
tests and a number of quantitative determinations prove that the 
use of 4N HC2H3O2 as directed in P. II effects a practically com- 
plete separation of Ba from Ca and Sr. 

Series IX. — Effect of the Presence of HCl or HNOs on the Separa- 
tion of Barium. 

The group precipitate must not be dissolved in a strong acid 
like HCl or HNOs as the presence of small quantities of these acids 
prevents the complete precipitation of Ba as BaCr04. As the car- 
bonates of the metals of this group are soluble in warm 4N HC2H3O2 
no difficulty is encountered. 

Series X. — The Separation of Barium from Strontium and 
Calcium. 

The following experiments were performed in order to ascertain 
the accuracy with which the separation of variable amounts of Ba 
from variable amounts of Sr and Ca may be effected. 

A solution containing 200 mgm. of Ba (10 cc. 2N BaClj. 2HjO — 
a saturated solution) was treated according to P. I, II, III, IV, 
and VI. Perfect blanks were obtained in the tests for Sr and Ca. 

A solution containing 3 mgm. of Ba as BaCl2, 500 mgm. of Sr as 
SrClj, and 200 mgm. of Ca as CaCl2 was diluted to 10 cc. and 
treated according to P. I, II, and III. This experiment was re- 
peated several times. Although it was possible to confirm the Ba 
in each experiment by the flame test, the attempts to reprecipitate 
and confirm it as BaS04 were not always successful. 

The accuracy with which Ba may be separated from Sr (the 
only metal Ukely to interfere with the test) by the use of the rea- 
gent KaCrO^ is indicated by the work of H. Caron and D. Raquet, 
Bull. soc. chim., 3-4, 483-93. The effects of different reagents 
were studied with respect to their accuracy in detecting and remov- 
ing Ba from Sr salts. The results are best shown by the following 
table. 
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Reagents 


Parts Ba which 
may be detected 


Parts Ba which may be 

detected in proportion to 

the amt. of Sr present 


HjSiFg 


1/2,500 


1/15 


SrS04 


1/30,000 


1/50 


♦KaCrzOv 


1/100,000 


1/150 


*K2Cr04 


1/2,500,000 


1/15000 



Series XI. — The Solubility of Strontium Chromate and Calcium 
Chromaie in Waier and in Mixtures of Water and Alcohol. 

For the solubility of SrCrO^, and CaCrO* in H2O, see the pre- 
ceding series of test experiments. 

100 gms. of ethyl alcohol (29%) at 15° dissolves 0.0132 gm. of 
SrCrOi; 

100 gms. of ethyl alcohol (53%) at 15° dissolves 0.002 gm. of 
SrCrOi; 

100 cc. of ethyl alcohol (29%) at 15° dissolves 1.206 gm. of 
CaCr04; 

100 cc. of ethyl alcohol (53%) at 15° dissolves 0.88 gm. of 
CaCr04.— Fresenius, Z. anal. Chem., 30, 672 (1891). 

According to Mylius and Wrochem. — Wiss. Abh. p. t. Reichsan- 
stalt, S, 462 (1900) (c/. Seidell, Solubilities, pg. 90)— the solubility 
of CaCr04 decreases with rising temperature; on the other hand, the 
solubility of SrCr04 increases with rising temperature. Therefore, 
the separation is most satisfactorily accompUshed at the usual 
temperature of the laboratory. W. Fresenius and Rupert, however, 
suggest 70° as the optimum temperature at which to conduct the 
separation. 

Series XII. — The Separation of Strontium and Calcium as Chro- 
mates by a Mixture of Water and Alcohol. 

W. Fresenius and Rupert were probably the first investigators to 
suggest this method as of possible use in qualitative analysis. 
Caron and Raquet, Bull. sac. chim, (3), 35, 1060-1070 (1906), have 
also suggested a similar method. Although the principle of the 
method proposed in this paper is very similar to that of the pre- 
ceding writers, the procedure is quite different. 

After a careful examination of the tables relating to the solubil- 
ity of the chromates of Sr and Ca in mixtures of water and alcohol, 
a series of test experiments were undertaken in the effort to ascer- 
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tain the volume of alcohol to be added to the filtrate from the Ba 
separation in order to precipitate Sr alone. The results of theae 
teats showed that the addition of an eqi^al volume of ethyl alcohol 
(95%) to the filtrate previously made slightly alkaline effected a 
practically complete precipitation of Sr, but did not throw CaCr04 
or KjCr04 out of solution. 

Series XIII. — The Predpitaiion of Strontium a^^ Strontium Chro- 
mate. The Delicacy of the Test. 

A solution containing 0.003 gm. of Sr (0.70 cc. N/10 SrClj. 6H,0) 
was diluted to 10 cc. and tested according to P. I, II, IV, and V. 
A comparatively heavy, yellow, precipitate was obtained and 
identified as SrCrO*. 

Series XIV. — The Completeness of the Separation of Strontium 
from Barium and from Calcium. 

A solution containing 900 mgm. of Sr (10.26 cc. 2NjSrCl2.6HjO— 
a saturated solution) was tested for Ba and Ca according to the 
procedures recommended in this paper. A perfect blank was ob- 
tained for Ba; but a slight turbidity appeared in the test for Ca. 
It was impossible, however, to confirm the Ca by the use of HjS04. 

The previous experiment was repeated several times with similar 
results. 

A solution containing 800 mgm. of Sr when tested as in the pre- 
ceding cases, gave perfect blanks for both Ba and Ca. 

The conclusions drawn from this series of experiments are as 
follows: (a) The presence of a large concentration of Sr ions 
does not interfere with the tests for Ba and Ca. (b) A slight tur- 
bidity in the case of the test for Ca ought never to be confused 
with the white, readily-forming precipitate of CaS04. Moreover, 
the confirmatory test for Ca as CaS04 eliminates the likelihood of 
the Ca test being interfered with by Sr ions. 

Series XV. — The Predjntation of Calcium as Calcium Oxalate and 
Its Confirmation as Calcium Sulphate. The Delicacy of the Test. 

Calcium oxalate, Ca(C00)2 H2O, is very difficultly soluble in 
HjO, but readily soluble in a mixture of one volume of concentrated 
HjS04 and three volumes of H2O. The Ca may be precipitated 
almost quantitatively from the acid solution by the addition of two 
or three volumes of alcohol. 

According to Richards, McCaffrey, and Bisbee — Z. anorg. Chem., 
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28, 85 (1901) (cf. Seidell, Solubilities, 95), 100 cc. of H2O at 95° 
dissolve 0.0014 gm. of CaC204. 

It was found that the precipitation of Ca was more accurate and 
rapid when the precipitant, IN (NH4)2C202, is added to a hot solu- 
tion than when it is added to a cold solution. Furthermore, the 
precipitate is in a better condition for rapid filtration. If Ca is 
present in a solution, the precipitate usually forms at once. 

The accuracy of the proposed method was determined by testing 
a solution containing 0.003 gm. of Ca (1.50 cc. N/10 CaCl2. HjO) 
according to P. I, II, IV, and VI. The precipitate which formed at 
once was heavy and easily confirmed by the use of H2SO4 and 
alcohol. 

Series XVI. — The Completeness of the Separation of Calcium from 
Barium and Strontium. 

With a view to ascertaining if a large concentration of Ca ions 
interferes with the tests for Ba and Sr, a solution containing 800 
mgm. of Ca (10 cc. 4N CaCl2. H2O — practically a saturated solu- 
tion) was examined according to the procedures adopted. Perfect 
blanks were obtained for both Ba and Sr. 

Series XVII. — Relative to the Accuracy and General Utility of the 
Proposed Methods. 

More than 100 students doing work in this laboratory in Quali- 
tative Analysis during the past two years have used the methods 
proposed in this paper, and apparently have encountered no diflS- 
culties in following the procedures. Unknown mijrtures particu- 
larly diflicult of analysis have been given to the students in order 
to test the accuracy and utility of the methods. The instructor in 
charge of the work reports an imusually small percentage of fail- 
ures. This is probably due to the fact that a moderate change in 
the conditions of precipitation does not greatly alter the accuracy 
of the methods. 

Adopted Procedure and Notes 
Procedure II.— The group precipitate (P. I.) consists of BaCOs, 
SrCOa, and CaCOs. If the precipitate is small, dissolve it on the 
filter by pouring repeatedly through the filter 10-20 cc. of hot 
4N HC2H3O2, and wash the filter with 5 cc. of water. (If the precipi- 
tate is large, transfer it to a beaker, dissolve in the least quantity 
of hot 4N HC2H3O2, and add 5 cc. of water.) Make the solution 
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slightly alkaline -with NH4OH, then add 5-6 cc. of 4N HCjHjOj. 
Heat to boiling, add IN K2Cr04 solution (10-15 cc. are usually 
sufficient), a few drops at a time, until precipitation is complete, 
shake thoroughly, then boil the mixture for 1 minute. Filter, even 
though the solution shows no evidence of the presence of a precipi- 
tate. Remove the filtrate, and wash the precipitate thoroughly 
with cold water. A pale yellow precipitate indicates the presence 
of Ba. For the confirmation of the precipitate, see P. Ill; for the 
subsequent treatment of the filtrate, see P. IV. 

Notes — 1. All the carbonates of this group are soluble in hot 4N 
acetic acid. In order to effect a complete separation of Ba from 
Sr and Ca, HCl or HNOa must not be used in place of the acetic 
acid, for only in the presence of the acetate ion or the anion of a 
similar weak acid is the precipitation of Ba practically complete. 

2. Although the acetic acid is added to prevent the precipitation 
of SrCrOi a large excess is to be avoided as sufficient BaCrO* may 
be dissolved to interfere with the tests for Sr and Ca. 

3. It is advisable to precipitate at boiling temperature for two 
reasons: (a) The separation of Ba is more rapid and complete. 
(b) The precipitate is thrown down in a form less likely to run 
through the filter paper. Continued boiling, however, may result 
in the precipitation of SrCr04 owing to the volatilization of acetic 
acid. 

4. The addition of the K2Cr04 solution, drop by drop, prevents 
the occlusion of Sr and Ca. An excess of the reagent imparts a 
yellow color to the solution, thereby indicating that the precipi- 
tation is complete. 

5. The precipitate should be washed thoroughly to remove any 
traces of Sr or Ca which if allowed to remain might interfere with 
the flame test for Ba. 

Procedure III. — To confirm the presence of Ba, dissolve the 
KsCr04 precipitate obtained in P. I. in cone. HCl (sp. gr. 1.12). 
Divide the solution into two unequal portions. To the larger por- 
tion, add an equal volume of a saturated solution of CaS04. A 
white precipitate, BaS04, confirms Ba. Evaporate the smaller 
portion of the HCl solution to a few drops. Dip a clean platinum 
wire into the concentrated solution and then introduce the wire 
into a colorless flame. A green flame confirms Ba. 
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Notes — 1. The SO4 ion combines with the Ba ion to form BaS04 
which is one of the least soluble salts of Ba. One part of this salt 
requires for its solution 385,000 parts of water. Even in concentra- 
ted acids, it is but very slightly soluble. 

2. The cone. HCl solution may be tested for Ba by means of the 
spectroscope. With this instrument, compoimds of Ba show nu- 
merous yellowish-green lines, one of which is very near to the posi- 
tion of one of the Ca lines, and a less distinct greenish-blue line. 

Procedure IV. — The filtrate from P. II contains Sr, Ca, K, 
Cr04, H, and C2H3O2 ions. Add 5N NH4OH until the filtrate is 
just alkaline; this point is indicated when the color of the 
solution changes from a reddish-brown to a yellow, — ^then add 5 cc. 
more of the reagent. To the solution add slowly with frequent 
shaking, an equal volimie of 95% ethyl alcohol. Allow the mixture 
to stand for several minutes, then filter if a precipitate forms. Do 
not wash the precipitate. Use suction if filtration is slow. For the 
fiu-ther identification of the precipitatie, follow P. V; for the sub- 
sequent treatment of the filtrate, see P. VI. 

Notes — 1. For a discussion of the separation of Sr and Ca as 
chromates by a mixtm-e of water and alcohol, see T. E. and Refer- 
ences, Series XI, XII, XIII and XIV. 

Procedure V. — ^The yellow precipitate obtained in P. IV indi- 
cates the presence of Sr. To confirm it, wash the precipitate once 
with a small quantity of water; transfer it to a small beaker and 
dissolve in the least quantity of cone. HNO3. Evaporate the solu- 
tion to a few drops. Test on a platinum wire in a colorless flame. 
A transient crimson flame confirms Sr. 

Notes — 1. The method outlined in P. IV is so reliable that if a 
precipitate forms on the addition of the alcohol, it seldom needs to 
be confirmed by the flame test. If desirable, however, it may be 
further confirmed by use of the spectroscope. Compounds of Sr 
give several orange and red lines, and a brilUant blue line. 

2. For the delicacy of the test for Sr as SrCr04, see T. E. Series 
XIII. 

Procedure VI. — The filtrate from P. IV contains CaCr04 and 
traces of SrCr04. 

To remove any traces of Sr, add 5 cc. of IN K2Cr04 solution, 
and 10-20 cc. of 95% alcohol; filter, and reject any precipitate. 
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To the filtrate add twice its volume of water, heat to boiling, and 
add slowly to the boiling solution 35-40 cc. of IN (NH4)sCi!04 solu- 
tion. If Ca is present, a white precipitate usually forms ai once. 
Stir the solution and let it stand for several minutes. A white 
precipitate, CaCj04, indicates Ca. Filter, wash the precipitate, 
transfer it to a small beaker and dissolve in the least quantity of a 
mixture of 1 volume of cone. H2SO4 (sp. gr. 1.84) and 3 volumes of 
distilled water. Add to the solution an equal volimie of 95% alco- 
hol, then 2-5 cc. more. A white precipitate, CaSO*, confirms Ca. 

Notes — 1. For a discussion of the tests for Ca, see T. E., Series 
XV and XVI. 

2. The flame and spectroscopic tests for Ca are valuable. Ca 
compounds color the flame yellowish-red. The spectrum shows a 
sharp orange line and a blue fine. 

Part III. Sxjmmaby 

1. Attention has been directed to the well-known facts that the 
methods which are generally used in qualitative analysis have 
received but little systematic study, and are in need of revision. 

2. A comparison of a large number of methods for the precipi- 
tation and analysis of the Calciimi Group, as outlined by the re- 
spective authors, has been made, and the discrepancies and inaccu- 
racies of the procedure noted. 

3. A method has been formulated by which the members of the 
Calcium Group may be separated, in the presence of magnesium, 
by means of a "special reagent," from a solution containing all of 
the metals or acid radicals. The difficulties encountered in secur- 
ing a complete precipitation of bariirai, strontium and calcium 
without precipitating some magnesium have been overcome by a 
proper regulation of the conditions imder which precipitation is 
effected. By a series of test experiments it has been shown that a 
quantity as small as .003 gm. of either one of the metals may be 
readily detected and that a large concentration of Mg ions does 
not interfere with the tests. 

4. In the second part of the paper which deals with the subse- 
quent analysiB of the group precipitate, the proposed methods have 
been shown to be entirely adequate for confirming even lesser 
amounts, i.e., less than .003 gm. of any of the metals of the group. 
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5. The accuracy and general utility of the proposed methods 
have been proven as shown by Series XVII of the Test Experi- 
ments. 

Authors' Note. Since the completion of this paper the attention 
of the authors has been called to the work of Curtman and FrankeP. 
In the summary of their work, they state that the test for barium 
is unreUable because of the failure of the reagent ammonium car- 
bonate to detect as small a quantity as 10 mgms. of the metal in the 
presence of ammonimn salts. They propose to substitute a new 
method, and announce that they wiU publish such method in the 
near future. The authors of this paper would confirm the above in 
regard to the inaccuracy of the usual methods employed in pre- 
cipitating the group, but call attention to the fact that by the 
method set forth in this paper, 2 mgm. of bariimi can be detected, 
and 3 mgm. can be confirmed. 



>A study of the Factors Influencing the Systematic Qualitative Deter- 
mination of Barium — Curtman and Frankel, J. Amer. Chem. Soc, 33, 724 
(1911). 



THE INFLUENCE OF LEAD ON THE FERRO- 
CYANIDE TITRATION OF ZINC 

By Victor Lenher and C. C. Mbloche 
Madison, Wisconsin 

Of all the volumetric methods for the determination of zinc 
in ores, the procedure as outlined in the "Modified Waring 
Method"' is by far the most satisfactory for complex ores. The 
principal service which this method renders is the removal of 
all of the heavy metals which interfere with the ferrocyanide 
titration. In many zinc ores, notably those from the Mississippi 
Valley, the heavy metals which thus interfere are absent, hence 
the separations called for in this method can be materially sim- 
plified. 

While it is universally acknowledged that iron must not be 
present in the ferrocyanide titration for zinc, the influence of 
lead has been a much mooted question. Beringer^ gives quanti- 
tative data to show that lead gives a higher result. Seaman' 
gives data to show the bad influence of lead. Stone* is of the 
opinion that lead alone need not be separated, but that if lead 
be present the solution must be quite strongly acid. Miller* 
indicates conditions which allow for the presence of lead. 
With this brief resume of the various statements as to the 
effect of lead on the ferrocyanide titration for zinc, attention 
should be directed to the ferrocyanide method for lead itself, 
as described by its originator Low*. In this method the titration 
of lead acetate is carried out in a solution containing about 2^ 
per cent free acetic acid. While Low does not in his latest de- 
scription of the method specifically state that free mineral acids 
should not be present, yet from the procedure as outlined, namely, 
solution of lead carbonate in dilute acetic acid, it is inferred 

Jr. Amer. Chem. Soc, S9, 265 (1907). 

'Beringer, Text Book of Assaying. 

•Jr. Amer. Chem. Soc, S9, 207. 

'Jr. Amer. Chem. Soc. 17, 475, 476 (1875). 

•Miller, Quantitative Analysis for Mining Engineers. 

•Jr. Amer. Chem. Soc, 16, 550. 
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that free mineral acid would not be present. As a matter of 
fact, our experience with the method seems to show that free 
mineral acids must be absent in the ferrocyanide titration for 
lead. In other words, even a very small amount of free nitric 
or hydrochloric acid prevents the formation of lead ferrocyanide, 
which would render the method worthless. 

Galletti', who devised the ferrocyanide titration for zinc, worked 
in acetic acid solution. He used no indicator to obtain the end- 
point. Fahlberg' later showed the efficiency of the method in 
hydrochloric acid solution, using uranium nitrate as an outside 
indicator, which is the method commonly used today. 

A number of series of experiments have been made, the con- 
ditions being varied as to the character of the liquid titrated. 

Lead acetate was titrated with potassium ferrocyanide in the 
diluted acetic acid solution as recommended by Low. The tem- 
perature of titration was 65° and the solution had a volume of 
200 cc. 





TABLE I 




Pb Present 
gm. 


HCl Present 
per cent 


Pb Found 
gm. 


.1947 


none 


.1947 


.1947 


.0125 


.1947 


.1947 


.025 


.1947 


.1947 
.1947 


.125 
.125 


.1921 1 Difference dependent 
?-to some extent on 
.1867 J temperatiire 


.1947 


.25 


.0000 


.1947 


.75 


.0000 



It is apparent that free hydrochloric acid present up to one- 
eighth of one per cent does not notably affect the lead determina- 
tion, but when present in quantity as low as one per cent no lead 
ferrocyanide is precipitated and no lead is indicated. 

Precisely the same order of results occurs when a chloride is 
added to the acetic acid solution. 

'Zt. Anal. Chem. 4, 213. 
=Ibid., IS, 379. 
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TABLE II 




Pb Present 


NH.a Present 


Pb Found 


gm* 




ffQl, 


gm. 


.1947 




none 


.1947 


.1947 




.1 


.1951 


.1947 




.5 


.1947 


.1947 




1.0 


.1938 


.1947 




3.0 


.035-.088» 


.1949 




5.0 


.0000 



It is obvious that the presence of hydrochloric acid or small 
quantities of chlorides renders worthless the ferrocyanide titration 
for lead. 

In the titration of lead by the ferrocyanide method, a solution 
of uraniiun acetate is by far the best indicator. The nitrate is 
imsuitable, inasmuch as it invariably contains free acid. 

Mixtures of varying amounts of zinc and lead acetates were 
titrated in the presence of different amounts of hydrochloric 
acid and ammonium chloride. 

TABLE m 

Acetate solutions of lead and zinc titrated at 70° in a volume 
of 200 cc. in presence of 10 gms. NH4CI and 3 cc. HCl. 

Zn Present Pb Present Zn Found Error 

gm. gm. gm. gm. 

.2000 .0000 .2000 

.2000 .0431 .2010 +.0010 

.1500 .0862 .1512 +.0012 

.1000 .1292 .1005 +.0005 

.0500 .1723 .0498 -.0002 

.0000 .1758 .0005 +.0005 
TABLE IV 
Solutions of acetates titrated at 70° in a volume of 200 cc. in 
presence of 10 gms. NH4CI and 6 cc. HCL 

Zinc Present Lead Present Zino Found Error 

gm. gm. gm. gm. 

.2000 .0000 .2000 

.2000 .0431 .2000 

.1500 .0862 .1502 +.0002 

.1000 .1292 .1005 +.0005 

.0500 .1723 .0498 -.0002 

.0000 .1723 .0005 +.0005 
'Results differing due to temperature change. 
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TABLE V 
Solutions of acetates titrated at 70° in a volume of 200 cc, in 
presence of 10 gms. NH4CI and 12 cc. HCl. 

Zn Present Pb Present Zn Found Error 

gm. gm. gm. gm. 

.2000 .0000 .2000 

.2000 .0431 .2005 +.0005 

.1500 .0862 .1506 +.0006 

.1000 .1292 .1003 +.0003 

.0500 .1723 .0504 +.0004 

.0000 .1723 

A number of experiments were next made using solutions con- 
taining chlorides only. 

TABLE VI 

In this group of experiments the amount of hydrochloric acid 
present was varied. All of the solutions were titrated at 70°, 
had a volume of 200 cc. and contained 10 gms. NH4CI. 



le Present Lead Present 


Zinc Found 


Free HCl Present 


Error 


gm. 


gm. 


gm. 


per cent 


gm. 


.1000 


1133 


.1001 


0.0 


+ .0001 


.1000 


1133 


.0999 


.12 


-.0001 


.1000 


1133 


.1002 


.25 


+ .0002 


.1000 


1133 


.1002 


.75 


+ .0002 


.1000 


1133 


.1000 


1.00 


.0000 


.1000 


1133 


.1001 


1.25 


+ .0001 


.1000 


1133 


.0998 


1.50 


-.0002 


.1000 


1133 


.1001 


2.25 


+ .0001 


.1000 


1133 


.1006 


3.00 


+ .0006 


.1000 


1133 


.1004 


6.00 


+ .0004 


.1000 


1133 


.0991 


12.00 


-.0009 



With large amounts of free hydrochloric acid present, that is, 
from twelve to eighteen per cent, it is impossible to obtain a defi- 
nite endpoint. When no free acid or as little as one-fourth 
per cent, is present, the true endpoint in the titration is a matter 
of considerable uncertainty. An apparent endpoint appears, 
but by continued stirring disappears. This false endpoint is 
due to the hydrosol form of the colloidal zinc ferrocyanide, which 
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with insufficient free acid goes only slowly into the hydrogel form. 
The true endpoint is quickly reached with one and one-half 
per cent of free hydrochloric acid and is distinct up to as much 
as six per cent free acid. 

From Table VI it is apparent in general in the presence of a 
material amount of free hydrochloric acid that the presence of 
lead would never be discovered in the ferrocyanide titration 
for zinc. 

In the next experiments successively larger amounts of lead 
chloride have been added. 

TABLE VII 

Volume of solution 200 cc. Ten grams of ammonium chloride, 
and one and a half per cent free hydrochloric acid present. Titrar 
tions made at 70°. 

Zinc Present Lead Present Zinc Found Error 

gm. gm. gm. gm. 

.1000 .2266 .1002 +.0002 

.3399 .1005 + .0005 

.4532 .1005 + .0005 

.5665 .1007 + .0007 

.6798 .1005 + .0005 

.7931 .1005 +.0005 

.9064 .1005 + .0005 

1.0197 .1010 + .0010 

1.117 .1003 +.0003 

2.234 .1003 + .0003 

3.352 .1005 + .0005 

3.724 .1003 +.0003 

In our experience the quantity of ammonium chloride nec- 
essary to have present can be anywhere from one to twenty grams 
in a 200 cc. solution. When excessively large amounts are present, 
forty grams or more, the endpoint becomes indistinct. 

Various indicators have been suggested from time to time to 
determine the endpoint in the ferrocyanide titration for zinc. 
Our experiments suggest that a 0.9% ammoniimi molybdate 
solution is the most delicate of the various indicators proposed, 
but that it is not widely applicable. Glacial acetic acid, 5% 
sodium tungstate, cobalt nitrate, hydrochloroplatinic acid, are 
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fair indicators, but not as delicate as uranium nitrate or am- 
monimn molybdate. Of all the indicators used, the 5% solution 
of uranium nitrate is very delicate and reliable. 

CONCLUSIONS 

In the ferrocyanide titration for zinc as commonly carried out, 
lead is without influence. 

The ferrocyanide titration for lead should be carried out in 
acetic acid solution and the mineral acids must be absent. 

In the technical examination of ores for zinc where lead and 
iron are the only heavy metals present to an appreciable extent, 
and such is the case with the Wisconsin zinc ores, it is unneces- 
sary to remove the lead for the ferrocyanide titration for zinc. 
Half-gram samples of the ore can be dissolved in 10 cc. concen- 
trated hydrochloric acid with the addition of a little nitric acid. 
To the solution after dilution, ammonium hydroxide is added 
and the ferric hydroxide and insoluble matter are removed by 
filtration. The precipitate is dissolved in dilute hydrochloric 
acid and reprecipitation by ammonia is effected, the filtrates 
being united. The solution should now be acidified with hy- 
drochloric acid and when evaporated somewhat is ready to be 
titrated. 

For titration the solution must be hot, it should have a volume 
of 200 cc, should contain 6-10 cc. concentrated hydrochloric 
acid and 10 grams of ammonium chloride. The ferrocyanide 
solution should be of such strength that 1 cc. = .005 gm. zinc, and 
the best indicator is a 5% solution of uranium nitrate. 



A NEW COLORIMETRIC METHOD FOR TITANIUM 
By Victor Lenher and W. G. Crawford 

The estimation of titanium is commonly considered by chemists 
as one of the more troublesome determinations. The methods 
most widely used exempUfy two distinctly different types of chem- 
ical action, namely, hydrolysis and colorimetric comparisons, 
With high percentages of titanium, the hydrolysis of the sulphate 
is one of the oldest gravimetric methods. The substitution by 
Goooh' and Chatard* of acetic acid solution for that of the sulphate 
affords a solution for hydrolysis which gives a far more satisfactory 
method of separation and precipitation than the older sulphate 
method. Baskerville's' method of hydrolysis in hydrochloric acid 
has been repeatedly tried out in this laboratory with titanium- 
bearing material carrying very low percentages up to pure rutile, 
and uniformly excellent results have been obtained as compared 
with the acetate method. 

For low percentages of titanium the colorimetric method first 
proposed by Weller* is most generally applicable. The method is 
based on the yellow color produced when hydrogen peroxide is 
added to a sulphuric acid solution of titanium. This colorimetric 
method has found great appUcability in the analysis of clays, 
silicate rocks and material of this general character low in titanium. 
The sensibility of the color to the presence of fluorides is so pro- 
noimced that this bleaching action on a titanium solution contain- 
ing hydrogen peroxide has been proposed by Steiger* as a means of 
estimating fluorides. 

Levy', in studying some color reactions of titanic, columbic, 
tantalic and stannic acids, found that certain organic compounds 
containing one or more phenol groups gave deep colorations with 
these acids. He worked in concentrated sulphuric acid solutions 
and observed that all of the colorations were destroyeds^by the 

•Chemical News, BS, 55, 68 (1885). 

>Amer. Chem. Jr., IS, 106 (1891). 

•Jr. Amer. C!hem. Soc, 16, 427 (1894). 

•Berichte, 15, 2593 (1882). See also Fres. Zeit., 9, 41, and 9, 330. 

'Jr. Amer. Chem. Soc, 30, 219 (1907). 

•ComptesrenduB, 103, 1075,1195. 
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addition of a small quantity of water, with the exception of those 
produced by stannic acid. From the results obtained he suggested 
a qualitative method for those acids and conversely a method for 
the detection of certain phenols. 

Muller' has studied the colorimetric determination of titanium 
in aqueous solution by means of the color imparted by salicylic 
acid, and finds the detection of very small amounts of titanium is 
thus made possible. 

In studying the double fluorides of columbium, titanium, tan- 
talum and tungsten with various reagents in concentrated sulphuric 
acid, Hall and Smith^ give a nimiber of color reactions for titanixun. 



TABLE I 



Morphine 

Codeine 

Brucine 

Phenol 

a Naphthol 

B Naphthol 

Thymol 

Resorcin 

Hydrochinon 

Pyrocatechin 

Pyrogallol 

Salicylic acid 

Meta oxybenzoic acid 

Para oxybenzoic acid 

Gallic acid 

Cinchonidine 

Apomorphine 

Narceine 

Bebeerine 

Narcotine 

Chromotropic acid 



Crimson 

No color 

Light red 

Brick red 

Green to green grown 

Coffee brown 

Garnet 

Red brown 

Crimson 

Chocolate 

Dark red brown 

Deep red 

Chrome yellow 

Chrome yellow 

Brick red 

No color 

Light red brown 

Brown 

Clear brown 

Brown 

Deep red 



Continuing this hne of study a number of other substances have 

been studied with regard to their behavior with titanium in strong 

sulphuric acid solution with the following results: 

'Jr. Amer. Chem. Soc, SS, 1506 (1910). 
''Proc. Am. Phil. Soc, U, 196 (1905). 
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TABLE II 




Reagent 


Color produced Color produced 




in one minute 


in 24 hours 


C!odeine 


Light amethyst 


Darker 


Homatropine 


Light red 


Cherry 


Hydrastine 


Light pink 


No change 


Hyoscyamine 


Dark brown 


No change 


Pelletierine 


Light yellow 


Pink 


Physostigmine 


Red 


No cha,nBe 


PhyBOstigmine salicylate 


Rose yellow 


No change 


Pipeline 


Brown 


Charred 


Strophanthine 


Light brown 


No change 


Aspidospermine 


Red 


No change 


Avenin Legiimin 


Chocolate 


No change 


Belladonnine 


Deep red 


Chocolate 


Bulbocapnine 


No color 


Pink 


Colchicine 


Yellow, then red 


I Reddish brown 


CoUidine 


Light brown 


No change 


Cryptopine 


Deep purple 


Black 


Chelidonine 


Deep red 


Purple 


Chlorogenine 


YeUow 


Light brown 


Conessine 


Light yellow 


Dark yellow 


Colchicine 


Yellow 


No change 


Cotarnine 


Red 


No change 


Delphinine 


Dark red 


Darker 


Duboisine 


Rnk 


Light reddish brown 


Erythrophleine 


Light red 


Darker 


Ditamine 


Hnk 


Red 


Digitalein 


Red 


Darker 


Emetine 


Red 


Deep red 


Hydrocotamine 


Red 


Black 


Jaborine 


Red 


Dark red 


Jervine 


Brown 


Dark green 


Lepidine 


Light yellow 


No change 


Pelletierine 


Light red 


No change 


Pseudopelletierine 


Light yellow 


No change 


Daturine 


No color 


Pink 



No colors are caused by atropine, caffeine, cinchonidine, pilo- 
carpine, cinconine, cocoaine, quinine, scopolamine, sparteine, 
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arecoline, anagyiine, cocaethyline, cinchonamine, conhydrine, 
cysisine, gelseminine, ecgonine, gussospemine, hyoscine, choline, 
lobeline, tritopine, tropine, taxine, laudanosine, lycoctonine, 
oxyacanthine, oxysparteine, picoline, protopine, papaverine, 
quebrachine, sabadilline, sabadine, aporetin, either in one minute 
or on being allowed to stand twenty-four hours. 

The colorations produced by many of the substances worked 
with are so much more intense than the hydrogen peroxide color 
that a number have been tested to ascertain whether the color is 
proportional to the amoimt of titanixim present and not affected 
by an excess of the reagent. 

Phenol and titanium in sulphuric acid solution give a deep red 
color in strong solution and a yellow red in dilute. A series of 
experiments were carefully carried out with phenol and titanium 
in concentrated sulphuric acid solution, and although a color 
developed with as small an amount of titanium dioxide as .00005 
gm., in no case was it found possible to get a solution in which the 
color is proportional to the amount of titanium present. 

A similar series of experiments carried out with hydroquinon 
and titanium in concentrated sulphuric acid showed that while it 
is possible to detect .0001 gm. of titanium dioxide by this method, 
hydroquinon is not a satisfactory reagent for the determination 
of titaniimi. 

Chromotropic acid in concentrated sulphuric acid solution was 
similarly foimd to show the presence of .00001 gm. of titanium 
dioxide, but the color produced is not a function of the amount 
of titanium present. 

Salicylic acid in concentrated sulphxiric acid solution will indi- 
cate as small a quantity of titanium dioxide as .00001 gm.., but 
here again the color is not proportional to the amoimt of titanium 
present. 

A number of alkaloids were likewise tested with titanium in 
sulphiuic solution, and while a number of them showed intense 
color reactions, none were found in which the color produced is 
proportional to the amoimt of titanium present. 

Thymol and titanium in concentrated sulphuric acid solution 
give a deep red coloration if sufficient titanium is present, while 
in dilute solution a reddish yellow color is developed. The color 
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produced by the addition of a sulphuric acid solution of titanium is 
proportional to the amount of the latter present and can be made 
the basis of a colorimetric detennination. 

Thymol dissolves in concentrated sulphuric acid with a slightly 
yellow color, which rapidly intensifies as the amoimt of thymol is 
increased. This coloration can be avoided if the thymol is first 
dissolved in a little acetic acid in which thymol is very soluble, or 
in acetic acid containing ten per cent alcohol. Sulphuric acid can 
then be added without the formation of any color. The solution 
of thymol in sulphuric acid thus prepared is fairly stable and if 
kept out of bright light will not discolor, but if exposed to direct 
sunlight it will darken in a few hours. 

The ratio of thymol to titanium can vary greatly, but it has been 
found best to have at least .006 gm. of thymol present to every 
.0001 gm. TiOs. 

Table III indicates results obtained in a Soleil-Duboscq colo- 
rimeter. 

TABLE III 

No. TiOj Present TiO. Found 

mg. mg. 

1 .21 .20 

2 .21 .19 

3 .31 .30 

4 .31 .294 

5 .40 .405 

6 .40 .37 

7 .50 .50 

8 .50 .52 

Table IV represents results obtained on somewhat larger quan- 
tities of titanium with a Kennicott-Sargent colorimeter. 





TABLE 


IV 




!Jo. 


TiO. Present 


TiOi Found 




mg. 




mg. 


9 


1. 




.9 


10 


1.5 




1.5 


11 


2.1 




2.0 


12 


2.5 




2.5 
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Four previously analyzed samples of bauxite in which the tita- 
niiun content had been obtained by the Weller method, are com- 
pared in Table V with the thymol method. Samples of 0.3 gm. 
each were fused with potassiuan bisulphate for a half ihour, dfter 
which the fusion was taken up in concentrated sulphurieacid. 

TABLE V 
No. Weller's Method Thymol Method 

13 3.3% TiOj 3.7%. TiGs 3.4% TiOj 

14 1.93 2.2 2.1 

15 2.20 2.15 2.28 

16 2.97 2.83 2.95 

EFFECT OF DILUTION 

Levy noted, when water is added to a titanium solution colored 
by thymol, that the color fades and is essentially destroyed. The 
following experiments indicate the effect of the dilution of the acid 
on the apparent percentage of titanium. Five hundred cc. of a 
standard titanium dioxide solution was prepared with an excess of 
thymol present. Aliquot portions were taken and a known amount 
of water was added to each portion. These portions were 
cooled and diluted to 50 cc. by the addition of sulphuric acid, 
sp. gr. 1.84. These test solutions were compared in turn with a 
25 cc. portion of the original solution, diluted to 500 cc. with sul- 
phuric acid, sp. gr. 1.84. The addition of water has apparently no 
effect on the color imtil a concentration of 79.4% (sp. gr. 1.725) 
sulphuric acid has been reached, after which the color fades in a 
perfectly regular maimer. It has been necessary in making this 
dilution study to cool the solutions to room temperature after the 
dilution of the acid, inasmuch as a warm solution is much lighter 
in color than one of the same strength a few degrees codler. 

TABLE VI 
%HsSO. Actual TiO, 

Present mg. 

90.05 .625 

87.60 .625 

85.70 .625 

83.32 .625 

82.00 .625 

80.68 .625 



Apparent TiOj 
Present mg. 


Apparent TiOi 
Present per cent 


.625 


100 


.625 


100 


.625 


100 


.625 


100 


.625 


100 


.625 


100 
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TABLE WI— Concluded 




%H£0. 


Actual TiOi 
Present mg. 


Apparent TiOi 
Present mg. 


Apparent TiO. 
Present per cent 


79.36 


.625 


.625 


100 


77.60 


.625 


.575 


92 


76.30 


.625 


.537 


86 


74.51 


.625 


.500 


80 


73.23 


.625 


.462 


74 


71.99 


.625 


.412 


66 


70.74 


.625 


.375 


60 


68.97 


.625 


.337 


54 


67.59 


.625 


.300 


48 



EFFECT OF TEMPERATURE 

The fact that a titanium solution colored by thymol loses some 
of its color when heated and that on cooling the color returns, 
has been repeatedly observed. A series of experiments was there- 
fore conducted to determine at how high a temperature such a 
solution could be heated without change of color. In each case 
the solution was heated to the temperature noted, after which it 
was cooled and compared with a sample of the original solution. 
It has been foimd that the color is not permanently changed imtil 
the solution is heated to 100°. 

TABLE VII 
Room Temperature TiOi Present Apparent TiOi Apparent 
No. Temperature of Heating after Heating TiOi 









mg. 


mg. 


per cent 


1 


20° 


30° 


.625 


.625 


100 


2 


20 


40 


.625 


.625 


100 


3 


20 


50 


.625 


.625 


100 


4 


20 


60 


.625 


.625 


100 


5 


20 


80 


.625 


.625 


100 


6 


20 


90 


.625 


.625 


100 


7 


20 


100 


.625 


.425 


68 


8 


20 


110 


.625 


,250 


40 


9 


20 


120 


.625 


.150 


24 



EFFECT OF PLTJORINE 

Inasmuch as fluorides exhibit the well known bleaching effect on 
the yellow color produced by the addition of hydrogen peroxide to 
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a titanium solution, the action of hydrofluoric acid on the thymol 
titanium color was studied. Fluorides or hydrofluoric acid bleach 
the color. In this connection it should be noted that from the 
preliminary treatment of a titanium-bearing material in order to 
bring it into concentrated sulphuric acid solution, it is practically 
impossible for fluorides to be present. 

TABLE VIII 



No. 


TiO. Present 


Fli Present 


Apparent TiOi 


Apparent 




mg. 


mg. 


mg. 


per cent 


1 


.625 


.26 


.588 


95.6 


2 


.625 


.52 


.576 


93.7 


3 


.625 


.78 


.448 


72.2 


4 


.625 


1.04 


.388 


62.2 


5 


.625 


1.30 


.338 


54.1 


6 


.625 


1.52 


.301 


48.9 


7 


.625 


1.82 


.276 


44.2 


8 


.625 


2.08 


.250 


40.1 


9 


.625 


2.34 


.213 


34.1 


10 


.625 


2.60 


.187 


30.0 


11 


.625 


2.86 


.150 


24.0 



EFFECT OF CHLOBIDES, PHOSPHATES, TIN AND TUNGSTEN. 

Solutions of various strengths containing hydrochloric acid, 
phosphoric acid and tin were systematically added to a thymol 
sulphmic acid solution and are apparently without any effect on 
the coloration. Tungstic acid, on the other hand, markedly 
affects the color in direct ration to the amount of tungsten present. 

TABLE IX 
TiO, Present 



No. 

1 
2 
3 

4 
5 



mg. 
2.2 
2.2 
2.2 
2.2 
2.2 



•i Present 


Apparent TiO, 


mg. 


mg. 


.47 


2.48 


.94 


2.75 


1.41 


3.01 


1.88 


3.250 


2.35 


3.50 



Of the various organic bodies which produce distinctive color- 
ations with titaniiun in concentrated sulphuric acid, thymol, 
phenol, hydroquinon, salicylic acid and chromotropic acid, are 
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the most distinctive. For various reasons thymol produces the 
most satisfactory coloration which can be used for the detection 
and estimation of small amoimts of titanium. The intensity of the 
coloration produced by thymol in sulphuric acid with titanium is 
at least twenty-five times as great as that produced in the hydro- 
gen peroxide method; hence the method is applicable to smaller 
amounts of titanium than can be determined by the WeUer 
method. 

The method possesses certain advantages in simplicity and 
small number of operations. The actual time for the fusion, dilu- 
tion and comparison is short. With a standard prepared the actual 
working time of the method is less than an hour. The only process 
requiring time is for the sulphuric acid to cool to room temperature 
and this can be facilitated by use of a constant temperature bath. 

The sample of the titanium-bearing substance is usually most 
conveniently brought into solution by fusing with potassium acid 
sulphate. The fusion can be taken up in concentrated sulphuric 
acid, and after adding an excess of thymol in sulphuric acid, diluted 
to a definite volume and the color compared in a colorimeter with 
a standard titaniimi solution. 



REFRACTOMETRY 

Bt Hehmann C. Ltthqoie 
Massachtiaetts State Board of Health, Boston, Mass. 

The first extensive use of the refractive index in analytical 
chemistry was in the examination of fats and oils and with these 
substances it was employed as a means of establishing purity, 
and in their mixtures, in connection with other constants, for the 
purpose of determining the composition of the sample. The in- 
struments employed for this purpose were the oleo refractometer 
of Amagat and Jean, the Abb6 and the Zeiss butyro refractometer. 

Of recent years the principles of refractometry have been 
applied to other analytical purposes such as the quantitative 
determination of fat in milk, measuring the concentration of 
aqueous solutions, the determination of ethyl and methyl alcohol 
in mixtures containing both substances, the determination of 
alcohol and extract in beer, etc., by means of specific gravity and 
refraction of the sample, the detection of added water in milk 
from the refraction, of the milk serum, the examination of blood 
and urine as well as for many other purposes. 

The instruments most used are the Abb6 which gives value 
of nn from 1.3 to 1.7 to the fourth decimal; the Pulfrich, reading 
to the fifth decimal of ND and the Zeiss Butyro, Wollney milk 
fat and Zeiss immersion refractometers, the three latter possessing 
centesimal scales the average of the 0;1 of a scale division being 
.000087 in the immersion, .000068 in the butyro and .000089 in the 
milk fat refractometer. The centesimal scales are not propor- 
tioned to- the values of the scale reading and for this reason the 
scale readings must be transferred into values of n for certain 
calculations; this is shown in the following table giving the value 
of Qd corresponding to each tenth division of the three instruments. 
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Scale 
Bead- 


Immersion Kefractometer 


Butyro Refraotometer 


Milk Fat Refractometer 


°D 


Difference 


■^ 


Difference 


"d 


Difference 






lOo 




10° 




lOO 





1.32736 




1.4220 




1.3332 




10 


1.33126 


.00390 


1.4300 


.0080 


1.3436 


0.0104 


20 


1.33513 


.00387 


1.4377 


.0077 


1.3537 


0.0101 


30 


1.33896 


.00373 


1.4452 


.0075 


1.3636 


0.0099 


40 


1.34275 


.00379 


1.4524 


.0072 


1.3730 


0.0094 


50 


1.34650 


.00375 


1.4593 


.0069 


1.3821 


0.0091 


60 


1.35021 


.00371 


1.4659 


.0066 


1.3909 


0.0089 


70 


1.35388 


.00367 


1.4723 


.0064 


1.3993 


0.0084 


80 


1.35760 


.00362 


1.4783 


.0060 


1.4072 


0.0079 


90 


1.36109 


.00359 


1.4840 


.0067 


1.4148 


0.0076 


100 


1.36464 


.00355 


1.4895 


.0065 


1.4220 


0.0072 



The refractive index like the specific gravity varies with the 
temperature, for with rising temperature the refraction and 
gravity both decrease. As a result of this phenomenon there 
have been numerous attempts made to devise an expression which 
will be independent of the temperature; of these expressions called 

specific refraction, those of Gladstone and Dale =K and of 

d 



Lorenz and Lorentz 



n=-l 1 



= K are the most extensively em- 



v?+2 d 

ployed, particularly the latter. In these formulae n = the refractive 

index, d the specific gravity and fc is a constant. This holds true 

with the Lorenz and Lorentz formula for nlost aqueous solutions 

provided that the refraction and gravity are taken at the same 

temperature (in the case of the gravity it should be compared 

with water at 4°) and in many instances it is independent of the 

concentration. With many substances, however, such as certain 

organic liquids, and with glasses this relation does not hold. 

The Lorenz and Lorentz formula has been modified as follows: 

n'— 1 M 

— . — - where M = the molecular weight of the substance in ques- 

n*+2 d 

tion. This formula is extensively used in theoretical studies of 

solutions, for example Baxter in making studies upon solutions 

of halogen salts has determined the molecular refractions of the 

chlorides, bromides and iodides of potassium, sodium and lithium 
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in various concentrations. In this work Baxter* states that "at 
present there is no wholly satisfactory general expression connect- 
ing change of index of refraction with changing density." 
K. G. Falk* has devised the following expressions which he has 

applied to organic liquids, — | — = 1 — + - = 1 in which n, t and d 

a b a' b' 

represent the refraction, temperature, and gravity respectively 

and o, b, a} and 6* are constants for any one substance within 

certain limits of temperature. Falk has substituted these values 

in the various formuke for specific refraction, as a result of which 

n*— 1 

he has reached the following concluMons: always decreases 

d 

N-1 n|-l 1 . , 

with mcreasing temperature, or . — may mcrease, de- 

d n'+2 d 

crease, or be constant with increasing temperature. Pulfrich has 

J . . ■ , -^ * ,1 N-Nv a (d-dv) 

devised an expression for mixtures as follows: = ; 

N d 

where a=a constant, d=the density, iNr=n— Ifor the mixture 

and Nv and dv the corresponding values calculated for the pure 

substances by the rule of mixtures (assuming no contraction). 

N— Nv 
This formula has been elaborated by Hess' as follows: — -— - =qC 

N 

in which C = the contraction and g- = a, /8, or y accordingjas AT = n — 1 , 

?!ziorn«-l. ^Z^=C,fordv=d(l-C) 
n'-l-2 d 

For solutions B. Walter* and later Robertson* evolved the equa- 
tion °~" =A in which n=the refractive index of the solution, 

c 
n' that of the solvent, c=the concentration and A=a constant. 
If n and n' are taken at the same temperature this equation holds 
for all temperatures. It has been shown by Chen^veau' that the 
equation is incorrect for some substances. The following examples 

'J. Am. Chem. Soc. 1911 SS, 901. 

•J. Am. Chem. Soc. 1909 SI, 80&-821. 

•Hess. Wiener Berichte, 115 II a, 459-79, 1906. 

*Wied. Ami. 1889 38, 107. 

'J. Phys. Chem. 1909 IS, 469. 

'Ami. Chem. Phys. 1907 IS, 384. 
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calculated for barium chloride solutions and sulphuric acid solu- 
tions from Wagner's table show in one case only a slight variation 
in the value of A and in the other a considerable variation. 



Barium Chloride 


Sulphuric Acid 


C. Grams per 
100 CO. 





C. Grams per 
lOO cc. 


n-n' 




1.02 
4.01 
5.01 
6.02 
7.01 
12.02 
28.2 


0.00128 
0.00127 
0.00126 
0.00125 
0.00124 
0.00123 
0.00122 


1.022 
5.030 
10.018 
15.022 
20.033 
25.032 
29.496 


0.00128 
0.00118 
0.00114 
0.00112 
0.00109 
0.00107 
0.00105 



Robertson found the values of .A very constant for protein 
solutions and the writer has found a similar condition in alcoholic 
camphor solutions, for instance for solutions of casein in dilute 
alkali the value of A is 0.00152, for concentrations above 0.5% 
and for camphor the value of A is 0.00106 for 5 grams per 100 cc, 
0.00105 for 10 grams per 100 cc. and 0.00104 for 25 grams per 
100 cc. 

All these formulae are of more or less value to one who is pre- 
paring a table or series of figures for use in analytical chemistry. 
A number of such tables have been prepared for this purpose and 
they will be described below or referred to in the bibliography. 

In the examination of fats and oils we must consider the differ- 
ences between the refractions of the oil in question and that of the 
possible adulterant, and where this is great enough the figure is 
of value. In the case of butter fat, the refraction is as valuable 
as the Reichert-Meissl nimiber. Beef oleo refracts about five 
scale ^visions higher than butter, consequently the presence of 
6% of oleo would raise the refraction about 0.3 of a division, but 
oleomargarine seldom contains as little oleo as in this instance^ 
and as a rule the amount present is more than 75%- One person 
can make five or six times as many refractions of butter fat in an 
hour as he^can determine Reichert-Meissl numbers in a day. 
In the case of olive oil the usual adulterants are cottonseed, ses- 
ame, rape seed, corn, peanut, poppyseed or sunflower oil, and with 
the exception of peanut oil, all these oils give a scale reading of 
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from 6 to 9 division on the scaJe of the butyro refractometer higher 
than that of olive oil. An adulteration of 5% is clearly indicated 
by the refraction in these cases and the only possible oil which 
could be present and result in giving a normal refraction is peanut 
oil if present in small quantities. If peanut oil is present in small 
amounts the iodine niunber and other constants are as liable to be 
normal for olive oil as the refractive index. Of course, the index 
of refraction should not be relied upon exclusively in the examina- 
tion of oils any more than the iodine number or the saponification 
number, for it is possible to mix oils in sudsh a manner that the mixed 
oils will refract like the oil to be imitated, but if a sample of alleged 
olive oil is found to contain cottonseed oil the refraction is as good 
as the iodine nvunber to determine the quantities present, and if 
the refraction of the oil in question is wrong, the oil is impure. 

The refractive index of the fatty acids has been and is deter- 
mined in the analysis of fats, oils, and soaps. W. B. Smith* has 
shown that the relation between the refractive index of the oil 
and that of the fatty acids depends upon the percentage of acid 
in the glyceride, bang nearly independent of the total refraction 
and the iodine value. The refractive index of the insoluble fatty 
acids of liquid oils should be close to the refractive index of the oils 
multiplied by 0.9938; the factor in the case of solid fats lies be- 
tween 0.992 and 0.994 depending upon the composition of the fat. 

In the examination of turpentine the index of refraction is very 
valuable. It is usual to submit the sample to fractional distilla- 
tion and, after taking the specific gravity or refraction of the dif- 
ferent fractions, to plot the figures obtained using the percent 
distilled as ordinates, and the constants of the fractions as abscissie. 
Here it is much easier to obtain the refractive index by means of 
the Abb6 refractometer, than the specific gravity. A further 
application of refraction to turpentine analysis is in the poljoner- 
ization test as first shown by McCandless* and later by Herzfeld- 
Bohme' modified by Donk and Veitch.* The turpentine (5 cc.) is 
polymerized in a Babcock milk bottle with 20 cc. of 38N sulphuric 
acid. After no further heating of the bottle occurs it is warmed 

'J. Ind. & Eng. Chem. 1912 4, 36. 
'J. Am. Chem. Soo. 1904 «ff, 981. 
'C!hem. Ztg. 1906 30,631. 
•Bur. Chem. U. S. D. A. Cir. 85. 
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to 60°, concentrated acid is added to nearly fill the neck and the 
bottle centrifuged to drive the unpolymerized oil into the cali- 
brated neck where the volume is read. Some of the oil is then 
placed between the prisms of the Abb6 refractometer and if the 
refraction is less than 1.51 we know that some foreign oil is present. 
Inasmuch as the quantity of oil may be only a few drops, no other 
quantitative figure could be obtained. The following chart shows 
the constants of a pure and adulterated sample of turpentine from 
which it is evident that the refraction figures are sufficient to estab- 
lish the purity or impurity of the sample in question. 

MIXTURES OF ORGANIC LIQUIDS 

Beythien and Hennicke propose to use the refraction of a liquid 
as a means of determining the amount of the constituents of mix- 
tures of two organic liquids, such as mixtures containing acetone, 
benzol, carbon, tetrachloride, etc., where no other method is 

available. The formula x= ^^ — is given where x= the 

ni— nz 

approximate percentage of the more highly refractive substance, 

n=the observed refraction, ni=the refraction of the more highly 

refractive substance, and nu the refraction of the lower refracting 

substance. This formula does not take into consideration the 

possible contraction or expansion of the liquid due to the mixture, 

and two control mixtures are prepared one (A), having a greater 

percentage = o and the other (B), having a less percentage =b of 

the higher refracting substance. The refraction of these solutions 

is determined, and by substituting in the equation 

x=b — ^ — — the exact value of x is determined. For 

Da— Qb 
mixtures of three components one must be determined by some 
other method and the others as above. 

In the quantitative deternaination of alcohol the refractometer 
can be used to demonstrate the purity of the alcohol^ and also to 

'This has proven of value in the prosecution of liquor cases in the Mass. 
courts. It is a well known principle of criminal law that the government must 
prove its case beyond a reasonable doubt. A chemist testifying for a '.de- 
fendant said that a determination of the specific gravity of a distillate from 
a sample of beer was insufficient to determine the percentage of alcohol, 
because it might have been wood alcohol. The determination of both the 
gravity and refraction of such distillates proves beyond doubt the percentage 
and kind of alcohol in the sample. 
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determine the quantity of methyl alcohol in mixtures of the two 
alcohols. 

The two alcohols have approximately the same gravity from 
which we obtain the per cent of alcohol, but the refractions of the 
alcohols are vastly different. Starting with water, the refraction 
on the scale of the immersion refractometer at 20° C. is 14.5; the 
refraction then increases with increasing quantities of methyl 
alcohol, reaching a maximum at about 50% where the refraction 
is about 50. With a further increase of alcohol the refraction 
decreases imtil absolute methyl alcohol is reached, the refraction of 
which is 2. For refractions between 14.5 and 50 there are two 
possible percentages of methyl alcohol. In the case of ethyl 
alcohol the increase in refraction is much more rapid, reaching a 
maximum of 101 at about 85%, then it drops off imtil absolute 
alcohol is reached, the refraction of which is 91. Thus for re- 
fraction figures between 91 and 101 there are two possible per- 
centages of alcohol. The percentage of the different alcohols 
present is proportional to the difference between the refractions 
of the pure alcohols of the same strength as the mixed sample. In 
using this method we must be reasonably sure of the pmty of 
the alcoholic solution as the presence of substances other than 
methyl alcohol, ethyl alcohol and water would have an effect 
upon the gravity or refraction, and the results would not be abso- 
lutely correct. It is sometimes difficult to quantitate the amount 
of methyl alcohol in mixtures with ethyl alcohol when considerable 
acetone is present. It is possible to obviate this to a measure by 
treating the diluted distillate, placed in ice water, with a solution 
of iodine in sodium hydroxide, thus precipitating the acetone as 
iodoform, which procedure has little if any influence upon the 
alcohols. The iodine may be removed from the filtrate from the 
iodoform by treatment with acid and sodiiun thiosulphate and 
after purification by distillation the alcohols may be approxi- 
mately determined from the refraction and gravity. The follow- 
ing is Leach and Lythgoe's table giving the refraction of methyl 
and ethyl alcohols on the scale of the immersion refractometer at 
20° C, the per cent of alcohol being determined by weight from 
Hehner's tables. 
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ScAiiii Rbadinob on Zeiss Immersion Refbactometeb at 20° 

COBBBSPONDING TO EaCH PeB CeNT BT WEIGHT OF EthTL 

AND Methyl Alcohols 
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14.6 


14.6 


30 


32.8 


69.0 


60 


37.9 


96.2 


90 


16.1 


98.6 


1 


14.8 


16.0 


31 


33.5 


70.4 


61 


37.6 


96.7 


91 


14.9 


98.3 


2 


15.4 


17.6 


32 


34.1 


71.7 


62 


37.0 


97.1 


92 


13.7 


97.8 


3 


16.0 


19.1 


33 


34.7 


73.1 


63 


36.5 


97.6 


93 


12.4 


97.2 


4 


16.6 


20.7 


34 


36.2 


74.4 


64 


36.0 


98.0 


94 


11.0 


96.4 


5 


17.2 


22.3 


35 


35.8 


76.8 


65 


36.5 


98.3 


95 


9.6 


95.7 


6 


17.8 


24.1 


36 


36.3 


76.9 


66 


35.0 


98.7 


96 


8.2 


94.9 


7 


18.4 


26.9 


37 


36.8 


78.0 


67 


34.6 


99.1 


97 


6.7 


94.0 


8 


19.0 


27.8 


38 


37.3 


79.1) 


68 


34.0 


99.4 


98 


5.1 


93.0 


9 


19.6 


29.6 


39 


37.7 


80.2 


69 


33.5 


99.7 


99 


3.5 


92.0 


10 


20.2 


31.4 


40 


38.1 


81.3. 


70 


33.0 


100.0 


100 


2.0 


91.0 


11 


20.8 


33.2 


41 


38.4 


;82.3* 


71 


32.3 


100.2 








12 


21.4 


36.0 


42 


38.8 


i 83.3i 


72 


31.7 


100.4 








13 


22.0 


36.9 


43 


39.2 


•84.2,; 


73 


31.1 


100.6 








14 


22.6 


38.7 


44 


39.3 


;85.2 


74 


30.4 


100.8 








15 


23.2 


40.6 


45 


39.4 


, 86.2.. 


75 


29.7 


101.0 








16 


23.9 


42.5 


46 


39.6 


87.0; 


76 


29.0 


101.0 








17 


24.5 


44.5 


47 


39.6 


87.8 


77 


28.3 


100.9 








18 


25.2 


46.5 


48 


39.7 


88.7 


78 


27.6 


100.9 








19 


26.8 


48.5 


49 


39.8 


89.6 


79 


26.8 


100.8 








20 


26.6 


50.6 


50 


39.8 


90.3 


80 


26.0 


100.7 








21 


27.1 


62.4 


61 


39.7 


91.1 


81 


26.1 


100.6 








22 


27.8 


54.3 


62 


39.6 


91.8 


82 


24.3 


100.5 








23 


28.4 


56.3 


53 


39.6 


92.4 


83 


23.6 


100.4 








24 


29.1 


68.2 


54 


39.6 


93.0 


84 


22.8 


100.3 








25 


29.7 


60.1 


66 


39.4 


93.6 


85 


21.8 


100.1 








26 


30.3 


61.9 


56 


39.2 


94.1 


"86 


20.8 


99.8 








27 


30.9 


63.7 


67 


39.0 


94.7 


87 


19.7 


99.5 








28 


31.6 


65.5 


58 


38.6 


95.2 


88 


18.6 


99.2 








29 


32.2 


67.2 


69 


38.3 


95.7 


89 


17.3 


98.9 




■ * 





The refractometer is useful in the examination of drugs as a 
means of corroborating other methods of analysis and as a qualita- 
tive test for the presence of wood alcohol. In the examination of 
spirit of peppermint or spirit of anise, the oil is separated by dilut- 
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ing the sample with water or some aqueous solutions in a cali- 
brated tube, and its volume measured. We may remove the sepa- 
rated oil, dry it with calcium chloride and take its refraction to- 
gether with the refraction of the tinctiu-e. If we know the per 
cent of alcohol present, the per cent of oil may be calculated from 
the refraction figures by the method previously described. It 
is not always necessary to know the per cent of alcohol to corrobo- 
rate the other findings for if any quantity of oil is present we know 
the alcohol must be over 90% in strength in order to keep the oil 
in solution, and the refraction should correspond to that of an 
alcoholic solution containing the percentage of oil foimd by the 
other method. 

In making examination of spirit of camphor by means of the 
polariscope there is a possibility that synthetic camphor may be 
present which would not influence polarized light, but would influ- 
ence the refraction, thereby creating a discrepancy which would 
necessitate further work. The following table shows the value 
of the refraction in making a qualitative test for methyl alcohol 
in spirit of anise and spirit of camphor. 

Anise oil 10 oo. Ethyl Aloohol 95% 90 cc. dd 20° 1.3S22 

Anise oil 4 oc. . Ethyl Alcohol 96% 93 oc. nn 20° 1.3713 

Anise oil 10 oo. Ethyl Aloohol 80% 90 oo. no 20° 1.3831 

Anise oil 10 oo. Methyl Aloohol 95% 90 oo. no 20° 1.3525 

Anise oU 10 00. { ^^Y' aISSSI III It ^Si } -. 2°° 1.3673 

Camphor 10 grams Ethyl Aloohol 95% to make 100 oo. no 1 3747 

Camphor 10 grams Ethyl Alcohol 80% to make 100 cc. no 1.3765 

Camphor 10 grams Methyl Aloohol 95% to make 100 cc. nn 1 3439 

Camphor 10 grams { M!.*V •^i''°?°} ??S \ ^""^ Quantities 

•^ ' I Ethyl Aloohol 96% J to make 100 oc. nn 1.3693 

A perusal of the above shows that the presence of 1% of methyl 
alcohol in the alcohol present will lower the refraction by approxi- 
mately 0.0003 and by dilution with water to 80% alcoholic strength 
(the highest refracting alcohol) the refraction is increased by 
0.0009, therefore from the determination of the camphor by means 
of the polariscope and taking its refraction, or in the case of spirit 
of anise by determining the anise oil and the refraction of the spirit, 
the presence of 5% of methyl alcohol is clearly indicated by the 
reduction of the refraction below that which is expected. As a 
ruje it is not possible to prepare for commercial use tinctures of 
essential oils with alcohol as weak as 80% on account of the cloudi- 
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ness produced, and therefore the refraction of such tinctures 
would be liable to be normal in most instances. With camphor, 
however, tinctures can be and are commercially made with 80% 
alcohol, £ind such tinctures could be adulterated with 3% of methyl 
alcohol and escape detection by the determination of only the 
refraction and polarization of the sample. This slight amount of 
adulteration could be possible only by accident. 

The immersion refractometer is primarily used in the examina- 
tion of aqueous solutions, and for this purpose Bernard Wagner has 
published 79 tables giving readings on the scale of the instrument 
corresponding to the concentration of various aqueous solutions, 
expressed as grams per 100 cc. at 17.5° C. The accuracy of the 
determinations may best be illustrated by the following table : 





Amount causing 


Highest concentra- 






Substance 


variation of 0.1 
scale division 
mg. per 100 cc. 


tion measurable 

on instrument 

Grams per 100 oc. 


highest 
concentration 


division 87| 
max. concentration 


HCl 


17 


15.65 


0.11% 


0.46% 


HiSO. 


35 


32.21 


0.11% 


0.48% 


HNO. 


31 


28.54 


0.11% 


0.45% 


KCl 


30 


27.89 


0.11% 


0.46% 


BaCl, 


24 


21.63 


0.11% 


0.48% 


CaCl. 


31 


28.34 


0.11% 


0.46% 



As each 1/10 of a scale division is equivalent to a definite weight 
of substance per 100 cc. of solution it is evident that the percentage 
error must be greater with the lower concentrations and will 
decrease as the concentration rises. The maximum error in con- 
centrations of approximately normal solutions is about four to 
five tenths of one per cent. This becomes less as the concentration 
increases and at the maximum concentration within the scale 
limits of the instruments it is reduced to about one-tenth of one 
per cent. Bernard Wagner^ has computed tables showing the 
refractive indices on the scale of the immersion refractometer of 
seventy-six different substances in aqueous solutions for all con- 
centrations within the range of the instrument. He has also de- 
vised methods for the determination of reducing sugars, calcium, 

'Bernard Wagner. Dissertation Jena 1903. 

Bernard Wagner. TabeUen zum Eintauchrefractometer. Sonderhausen 
1907. 
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magnesium, and phosphates, using the refractometer as a means of 
determining the weight of the final product. 

Sodium chloride and potassium chloride solutions possess dif- 
ferent refracting power at the same concentration. In concentra- 
tions of 20 grams per 100 cc. NaCl gives a scale reading of 99.5 
and KCl of the same concentration 80.75, the difference being 18.75 
scale divisions. Upon this difference Wagner has based a method 
of estimating the per cent of KCl and NaCl in mixtures. The 
mixed chlorides are weighed, sufficient water is added to produce 
a solution equivalent to 20 grams per 100 cc, the refraction of 
which is then determined, and the percentage of sodium and 
potassium chloride is calculated or is obtained from the table; 
0.1 scale division equals 0.53% of either constituent. This of 
course is not as accurate as the separation, but may be used as a 
check before precipitating with platinum if greater accuracy is 
desired. 

The immersion refractometer may be used to determine the 
concentration of sugar solutions up to 23% (Wagner's , tables) 
but for sugar solutions such as syrup, maple syrup, molasses, etc., 
with concentrations of 60%-65% the Abb6 refractometer is to be 
used, employing the table of Geerlig (Inter. Sugar Journal, 10 pp., 
69-70). 

In sugar solutions of high purity such as cane table syrup, the 
refractometric method of determining solids is as accurate as that 
of drying at 100°, and of course can be done more conveniently 
and quickly. The following table of A. H. Bryan* shows the dif- 
ference between gravimetric and refractometric methods. 



Substance 


Number of Samples 


Difference between Gravimetrio 
and Befractometric Methods 


Maple sjyrup 
Cane table syrup 
Cane molasses 
Beet molasses 
Honey 
Glucose 


13 
10 
17 
15 
24 
2 


-1.34 to +0.72 
-0.79 to +0.62 
-1.53 to +0.59 
-1.83 to -0.07 
-2.52 to +0.91 
-0.27 to +0.27 



Sugar solutions have a gravity and refraction greater than water, 
but aqueous solutions of alcohol possess a gravity less, and a re- 
'J. Am. Chem. Soc. S8, 1443, 1908. 
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fraction greater than the solvent. K we determine the refraction 
and the gravity of a fermenting solution we find as the fermenta- 
tion proceeds the gravity is reduced more than the refraction, and 
for this reason it is possible to determine the alcohol and soUds 
in beer from the specific gravity and refraction. This is accom- 
plished by the circular revolving rule of Ackermann; the rule is 
rotated until the arrow mark in one scale coincides with the specific 
gravity of the beer. There are two scales of refraction: the figure 
coinciding with the refraction found on one scale is the per cent of 
solids, and on the other scale is the per cent of alcohol. The 
results obtained are very accurate. Frank-Kamenctzky has de- 
vised a slide rule for the determination of alcohol and extract in 
potato mash based upon a similar principle. 

Robertson determines the percentage of casein in milk as 
follows: 50 cc. of milk are diluted to 250 cc. and 75 cc. N/10 
acetic acid slowly added with constant stirring. The precipitate 
is filtered, washed, allowed to drain one hour, transferred with the 
filter to a dry beaker and 100 cc. N/10 sodium hydroxide 
(nD 20° 1.33444) added. After complete solution it is filtered and 
the refraction determined by means of a Pulfrich refractometer 
at 20°. The results are calculated as follows : 

n— 1 33444 

Grams of casein in 60 cc. milk = '- , where n = the refrac- 

0.00152 

tive index of the final solution. 

The detection of added water in milk by the refractive index of 
the milk serum is largely a question dealing with the composition 
of milk. It depends upon the fact that the most variable con- 
stituents of milk are the fat and the casein and by removing these, 
the serum obtained is of more constant composition than the 
milk. Villiers and Bertault' prepared the serum by boiling one 
volume of 1% acetic acid with two volimies of milk, cooling, 
filtering, and they then measured the refraction by means of the 
oleorefractometer. From the figure so obtained they subtracted 
one-third of the difference between the refraction values of the 
dilute acid and distilled water and then midtiplied the difference 
by one and one-half, thus giving the value for imdiluted milk. 

'Bull. Soo. Chim. 1898 19, 305. 
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Matthes and MuUer' first used the immersion refractometer for 
this purpose, preparing the serum by allowing the milk to sour 
spontaneously. 

Leach and Lythgoe" prepared the serimi by heating the milk 
with two per cent of twenty-five per cent acetic acid and deter- 
mined the refraction by means of the immersion refractometer. 

Ackermann' prepared the serum by heating 30 cc. of the milk 
with 0.25 cc. of calciimi chloride solution (sp. gr. 1.1375) in a 
boiling water bath for fifteen minutes, cooling and decanting the 
liquid, the refraction of which was then determined. 

Baier and Neumann* use a citric acid and asaprol solution, 
which is mixed cold with an equal volume of the milk and the 
refraction of the clear filtered serum obtained by means of the milk 
fat refractometer. 

Lythgoe^ mixes one volume of copper sulphate solution (72.5 
grams per liter) with four volumes of milk and determines the 
refraction of the filtrate by means of the immersion refractometer. 

All of these methods are of value, and all have their disadvan- 
tages. If the sample of milk is sour when received, the Ackermann 
method is the only one applicable, but if the sample is sweet this 
method is somewhat slow, especially in cold weather. The asaprol 
citric acid method has been criticized on account of the difficulty 
of procuring pure asaprol, and the consequent difficulty of making 
the precipitating solutions of the same concentration. It has been 
further critized because the serum is diluted by the reagent. This 
criticism also applies, but in a less degree to the copper method. 
The calcium chloride and acetic acid methods both require heat 
and considerable time in the preparation of the serum, while the 
asaprol and copper sera are prepared quickly at the room tempera- 
ture. 

The refraction of milk serum depends upon its concentration, 
and if the concentration is known, the refraction or the gravity can 
be calculated. Weigner and Yakuwa* have shown that the value 

'Z. Off. Chem. 1903 9, 173. 

''J. Am. Chem. Soc. 1904 SB, 1195. 

^Z. Nahr-Genussm. 1907 13, 186. 

*Ibid 1907 13, 369. 

'Report Mass. State Board of Health. 1908-594. 

'Milchwirtsoh. Zentr. 1909 6, 473. 
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n*— 1 1 

of . • — for refractive indices at 17.6° C and specific eravitv 
n*+2 d f e, J 

at 15/15 for the calcium chloride serum is 0.2056, and if n and d 
are taken at the same temperature the value is 0.2058. Watering 
of the serum has but little effect upon the specific refraction of the 
serum. Bull* has stated that the determination of both the 
gravity and refraction of the acetic senun is advisable for the 
detection of watered milk. The writer has recently calculated the 
specific refraction of milk serum prepared by the acetic acid method 
from some determinations made about five years ago from 105 
samples of milk of known purity, the results of which are given 
below. 





Number of 
Samples 


SolidB 

% 


Fat 
% 




Acetic Acid Serum 






Scale 

Reading 

20° 


20° 


Sp. Or. 
15/15° 


N2-1 1 

N2+2"d 


Highest 
Lowest 
Average 


12 


15.38 
14.02 
14.45 


5.95 
4.20 
4.92 


45.9 
42.9 
44.7 


1.34496 
1.34384 
1.34452 


1.0333 
1.0306 
1.0319 


0.20576 
0.20524 
0.20558 


EQghest 
Lowest 
Average 


33 


13.85 
13.01 
13.42 


4.70 
3.33 
4.30 


45.6 
40.5 
43.2 


1.34485 
1.34294 
1.34396 


1.0322 
1.0282 
1.0302 


0.20576 
0.20541 
0.20554 


Highest 
Lowest 
Average 


33 


12.97 
12.00 
12.44 


4.40 
3.10 
3.73 


44.2 
40.6 
42.8 


1.34433 
1.34298 
1.34380 


1.0314 
1.0280 
1.0301 


0.20572 
0.20540 
0.20554 


Highest 
Lowest 
Average 


27 


11.97 
10.56 
11.42 


3.60 
2.60 
3.28 


42.9 
39.0 
41.0 


1.34384 
1.34237 
1.34313 


1.0307 
1.0266 
1.0290 


0.20572 
0.20545 
0.20553 


Average 


105 


13.39 


4.37 


42.9 


1.34384 


1.0302 


0.20554 



Subsequent determinations upon a smaller number of whole and 
watered milk samples give a value of 0.20551. The average value 
of the specific refraction where the gravity and refraction were 
taken at the same temperature was 0.20592. 

For the copper serum the specific refraction (gravity and re- 
fraction determined at the same temperature) was found to be 
0.20526 and for the sour serum 0.20607. 
; 'J. Ind. &Eng. Chem. 19113, 44. 
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The relation between the solids and refraction of the serum pre- 
pared by both the copper and acetic acid methods is very constant, 
and the value of A in the formula suggested by Walter and by 
Robertson (n— n' =a c), is 0.00158. 

Using the above constants and calculating from the lowest 
refraction found for several himdred samples of milk of known 
purity examined in the laboratory of the Massachusetts State 
Board of Health, the following figures are obtained representiDg 
the lowest possible values for pure milk. 



Acetic acid Berum 


lowest refraction 20° 

lowest gravity 20° 

4° 

lowest solids per cent 


39.0 
1.0244 




5.94 


Copper serum 


lowest refraction 20° 
lowest gravity 20°/4° 
lowest solids per cent 


36.0 
1.024S 
5.22 


Sour serum 


lowest refraction 20° 


38.3 



The table on page 311 shows the figures obtained from a sample 
of milk systematically watered. 

Naumann' has devised a method for the refractometric de- 
termination of the fat in milk which has been modified by Baler 
and Neumann.^ This method consists in coagulating the milk 
with acetic acid, adding water, — saturated ether, shaking in a 
shaking machine, adding a glycerine, — potassium hydroxide 
copper solution, shaking again, centrifuging and taking the re- 
fraction of the ether solution of the fat from which the per cent of 
fat is calculated by means of tables. The quantities of milk and 
reagents used are different in the two methods, and consequently 
the tables differ. Baier and Neumann report a variation between 
the refractometric method and the Adams method in twenty-two 
instances of from -f-0.12 to —0.16, the mean being —0; between the 
refractometric and Gerber method in eighty instances of from 
-1-0.04 to -0.07, the mean being —0.013; and between the re- 
fractometric and Gottlieb method of from -|-0.08 to —0.11, the 
mean being —0.024. 

•Milch Ztg. 1900 29, 50. 

'Z. Nahr-Genussm 1907 IS, 369. 
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g 

g 


p. B + jn 
1 I-ju 


0.20588 
0.20601 
0.20597 
0.20597 
0.20597 


% 


I^tOtOlO'* 

ddddd 




1.0254 
1.0224 
1.0197 
1.0169 
1.0142 


OK 
-OH 


OStol^O '^f 

OS t>^ ■* IN oi 

coMeoco<N 


i 

8 




,a - a 


0.00153 
0.00156 
0.00158 
0.00158 
0.00158 


P.Z + s" 
X l-io 


0.20523 
0.20518 
0.20518 
0.20516 
0.20507 


% 
gpiios 


,-<lO(NTl(to 
CO— ICDr-l«D 
lOtOTl!-*C0 


0» 

oOZ, 


rHeOCO->)<00 


oOZ 
nonoM} 

-8H 


C0t1< lOtOtO 

eococoMM 


o 

1 




in - u 


0.00159 
0.00157 
0.00157 
0.00160 
0.00156 


P.Z + t" 


0.20589 
0.20589 
0.20592 
0.20592 
0.20594 


% 
apvios 


CO to to -^ CO 


oOZ 
•j8 -dg 


1.0269 
1.0241 
1.0208 
1.0181 
1.0151 


oOZ 


Ti< CO CO o T-; 


% 

18V 

% 


FipfoS^ 
ddddo 


8S!§8gS 

eocONININ 


% 


^O5i>toeo 
<Nddo6t> 


J 

J 


% 
»PPV 


°s§gs 
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Baier and Neumann^ have also applied the refractometer to the 
determination of lactose in milk as follows: Treat 5 cc. of the milk 
with 5 drops of 4% calcimn chloride solution, stopper the flask 
and place in boiling water for ten minutes, cool and place a few 
drops of the serum upon the prisms of the milk fat refractometer, 
and from the scale reading the per cent of sugar is determined by 
means of the table. 

The refractive index may be used indirectly to determine a 
component of a substance. Zwick^ uses the immersion refractom- 
eter for the determination of tannin by taking the refraction of 
the solution before and after precipitating with hide powder. 
The difference between the two readings is multiplied by the proper 
factor. Sager* and Falciola and Corridi*, however, find that the 
factors given are either too slight or too variable for the determina- 
tion of tannins or detection of adulteration. R. E. Remington' 
suggests the use of the immersion refractometer for the determina- 
tion of the solids in cider vinegar. The reading of the vinegar 
on the scale of the immersion refractometer is determined, from 
which is subtracted the scale reading due to the acetic acid present, 
obtained from Wagner's table, and the difference divided by 3.9 
gives the per cent of solids in the sample. Results show variations 
of from —0.18 to —0.24 in samples containing from 1.68% to 
5.01% solids, and from 4.10% to 5.17% acetic acid. In all cases 
of wide variation, other analytical figiu-es showed that the samples 
may have been adulterated. He makes no mention, however, of 
the influence of any alcohol that may have been present. 

Hanus and Chocensky* have suggested the use of the immersion 
refractometer for the determination of caffein. They show that 
there is a loss of caffein during drying at 85° and a still greater loss 
in drying at 100°. To avoid this source of error they dissolve the 
caffein obtained in the usual way, in water, measure the volimie 
and the refractive index at 17.6° (on the scale of the immersion 
refractometer) of the solution. The amount of caffein is then 

'Z. Nahr-Genussm 1907 IS, 369. 

^Chem. Ztg. SS, 40S. 

'Ledertechm. Rundsohau 1909, 27. 

*CoUegium 1910, 21. 

'Bull. N. Dakota Agr. Exp. Sta. March, 1912. 

»Z. Nahr-Genussm 1906 11, 313. 
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V— 15 

found by means of the formula X= ^ , where Z=caffein as 

5 

grams per 100 cc, y= the scale reading of the caffem solution 

and 15 is the reading of water at the same temperature. 

The advantages of refractometry as applied to analytical 
chemistry may be briefly summarized as follows: 

It is possible to obtain the refractive index when the specimen 
is too small for other quantitative measurement. 

For routine work the refractive index is more quickly obtained 
than any other physical or chemical constant.' For the quantita- 
tive determination of methyl alcohol it is indispensable. For 
the determination of substances which may lose weight in drying, 
such as sugar, it is advantageous and time saving. It is helpful in 
checking results found by other methods and under certain con- 
ditions, as with beer, separations are imnecessary to secure quanti- 
tative results. It is also of value in obtaining the quantities of 
mixtures which cannot be separated, and as a rapid means of deter- 
mination when the separation may be difficult. 

The futiu-e of refractometry cannot, of course, be prophesied. 
Judging from the increase in the literature year by year, it is a 
subject of much study from which has been and can be derived 
data of considerable value. It seems probable that methods for 
the quantitative determination of fat in such substances as cocoa, 
coffee, spices, etc., in a manner similar to those for fat in millf are 
both feasible and desirable. There is a possibility that precipita- 
tion reactions similar to that described for tannins may be ap- 
plicable where the refractive index is determined before and after 
precipitatmg, and from the difference, the precipitated substance 
may be calculated. 

One difficulty in the manufacture of tinctures is the control of 
the alcohol content, which will vary according to the moisture in 
the drugs used. This may be solved by the use of the specific 
gravity and refractive index of the tinctures in a manner similar 
to that used in breweries and distilleries. 
The instruments to be employed depend upon the character of 

'The chemist of a large soap factory told me that his Abbfe refractometer 
paid for itself in one week by saving time in the determination of the con- 
centration of glycerine. 
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the work. For the usual laboratory the Ahh6 and immersion 

refractometers are sufficient. 

n''— 1 

Two tables of value of follow, one for each value of n 

n2 + 2 

from 1.300 to 1.879, the other for each scale division of the immer- 
sion, butyro and milk fat refractometers. In preparing the first 
table the fractions were calculated for values of n from 1.30 to 
1.80, using Vega's seven place logarithm tables. As the values of 
n increased, the differences between the corresponding values of 

n'— 1 

decreased by a nearly constant quantity, and by means of 

n''-}-2 

this quantity the figures corresponding to the third decimal of n 

were calculated. By interpolation in the table it is possible to 

n'-l 

n«+2 

values of n to the fifth decimal place. The values corresponding 
to the scale readings of the immersion refractometer were calcu- 
lated for each scale division up to 52 and from 53 to 105 were inter- 
polated from values calculated every five scale divisions. The 
values corresponding to the other scales were obtained from the 
first table of specific refraction. 

I wish to express my thanks to Dr. P. G. Nutting of the Bureau 
of Standards, Washington, D. C. who has kindly looked over this 
paper and verified the physical formulae. 
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DOSAGE DU CARBONE TOTAL DES ACIERS ET DES 

FERRO-ALLIAGES PAR COMBUSTION SOUS 

PRESSION D'OXYGENE 

Par p. Mahlek et E. Gotjtal 



1. — Principe de la Methode 

Le dosage du carbone total des aciers, par combustion dans 
I'oxygSne, a d'abord dt6 r6alis6 k I'aide de I'appareil k analyse 
616mentaire, c'est-^-dire dans un courant d'oxygSne. L'introduc- 
tion dans les laboratoires de fours k chauffage 61ectrique a, ensuite, 
beaucoup amdlior6 le proc6d6.' 

Le chauffage 61ectrique d'un tube de porcelaine permet d'obtenir 
la temperature 61ev6e indispensable pour brtiler, non seulement, 
les aciers mais aussi les alliages r^fractaires. Cette mdthode 
n'admet que des prises d'essai de faible poids. C'est ainsi qu'on 
ne peut guSre traiter plus de un demi gramme de ferro-chrfime: 
premier inconvenient. II est, en outre, tr6s difficile de br<iler le 
m6tal, au four eiectrique, sans observer dans le courant gazeux 
des quantity parfois importantes d'oxyde de carbone, indices 
d'une combustion incomplete. C'est un second inconvenient qui 
a conduit k compliquer I'appareil par I'emploi d'un four com- 
piementaire. Mais malgre cette precaution, nous verrons que 
I'oxydation complete des carbures metalliques reste toujours 
aieatoire. 

Un precede plus nouveau* consiste k allumer le metal eiectrique- 
ment, dans une enceinte fermee, remplie d'oxygSne, sous une 
pression un peu superieure k la pression atmospherique. Ce 
second procede est beaucoup plus rapide que le premier. Son 
principal inconvenient est de n'admettre que des prises d'essai 
d'un trhs faible poids, surtout quand il faut br<iler des ferro-alliages. 
A quelle incertitude ne s'exposet-on pas, avec ime prise d'essai 
de moins de im demi gramme, par exemple, d'un ferro-silicium 

'Traits d'analyse des substances mindrales par Ad. Camot, T. Ill, p. 783. 
»Proc6d6 de d€terniination rapide du carbone total dans lea fere, les aciers 
et les ferro-alliages par H. de Nolly, Revue de M6tallurgie 1911, p. 391 et p. 
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dont la teneur en carbone ne d^passe gakie 0,10 gr. pour cent 
grammes? 

Nous avons pr&ent6, le 11 Septembre 1911, k I'Acaddmie des 
Sciences, una m^thode qui paralt offrir des avantages s^rieux 
par rapport k celles dont il vient d'etre question. Depuis cette 
6poque, nous I'avons am61ior6e, nous en avons examine tons les 
details et nous I'avons 6tendue aux ferro-alliages les moins faciles 
k brtiler. 

L'id4e de notre m6thode est aussi vieille que I'obus calori- 
m^trique.^ C'est tout r6cenunent que les circonstances nous ont 
permis de I'^tudier. 

Le proc6d6 consiste k br^er la prise d'essai au sein de I'obus, 
sous ime pression d'oxyg^ne, assez ilevie pour assurer I'oxydation 
du m^tal et du carbone qu'il contient. La combustion est done 
accompagn^e d'une 6Mvation de temperature instantan^e con- 
siderable. II suffit ensuite d'extraire les gaz et d'y doser I'anhydride 
carbonique pour en dMuire la quantity de carbone chercMe. Le 
lavage des gaz de la combustion dans im volume connu d'lme 
solution alcaline titr^e, fournit un moyen facile de pratiquer ie 
dosage de I'anhydride carbonique puisqu'il suffit de titrer la 
solution aprSs le lavage. 

L'appareil dont nous nous servons k I'Ecole des Mines permet 
d'arriver ais^ment au dosage du carbone des aciers et des ferro- 
alliages. II admet des prises d'essai d'lm poids important, pouvant 
au besoin d^passer 10 grammes. II se pr^te k toutes les verifica- 
tions desirables, notamment au contr61e de la combustion complete 
du carbone, sous forme d'anhydride carbonique. 

Nous avons mis ce point eu evidence, dans des experiences 
speciales, en recherchant I'oxyde de carbone dans les gaz resultant 
de quelques combustions; nous n'en avons jamais trouve. 

Enfin, notre appareil reduit au minimum I'intervention de 
I'habilete professionnelle de I'operateur. C'est ainsi que mis 
entre les mains d' l^ves de I'Ecole des Mines, d^s le mois de 
Decembre dernier, il a fom-ni, tout de suite, des resultats exacts; 
alors que les jeunes chimistes n'eussent obtenu des chiffres accep- 

'P. MaHer: Compte Rendus 30 Novembre, 1891; Contribution k I'^tude 
des combustibles (Bulletin de la Soci6t6 d'encouragement k I'lndustrie Natio- 
nale 1892) ; Etudes sur les combustibles, 1903. 
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tables, 8oit au four ^lectrique, soit suivant la m^thode de Wiborgh, 
qu'au prix d'un apprentissage assez long. 



Le'tableau suivant permet de comparer nos r&ultats (colonne A) 
d. quelques-uns de ceux trouv6s par les El^ves: 







A 


B MM. 


Acier extra-doux Trignac 


C. pour cent 


0.060 


0.060 Lemoine 


Acier nickel du Creusot 


C. pour cent 


0.370 


0.370 CeUier 


Acier silicium d'lmphy 


C. pour cent 


0.485 


0.485 Puiseux 


Acier timgstfene Creusot 


C. pour cent 


0.521 


0.520 Callids 


Acier chr6me Creusot 


C. pour cent 


0.560 


0.570 d'Anglejan 


Acier extra dur Creusot 


C. pour cent 


1.365 


1.320 Lehma,nn 


Fonte Thomas Creusot 


C. pour cent 


2.950 


2.950 Boulzaguet 



II. — Description de I'Appareil 

Notre instrument est une chambre de combustion en acier 
doux, forg^e k Imphy express6ment en vue de nos recherches. 
Son volume est bien sup^rietir k celui de I'obuscalorim^trique. 
EUe est cylindrique avec 200 millimetres de hauteur at 85 milli- 
metres de diametre, correspondant k un peu plus de 1100 centi- 
metres cubes de capacity. 

La prise d'essai est plac^e dans une petite capsule en terre 
r^fractaire, exempte de carbonate de calcium. Nous avons fait 
usage de trois modules de capsules, I'un petit, de 40 millimetres 
de diametre pour les prises d'essai de 3 ou 4 grammes de m6tal, 
I'autre moyen, de 60 millimetres de diametre pour les prises 
d'essai de 5 grammes environ de m6tal; enfin, la plus gradde de 
nos capsules a 60 millimetres de diametre, elle convient aux 
prises d'essai atteignant et m^me d^passant 10 grammes. Les 
capsules r^sistent parfaitement k reparation. 

L'allumage se fait k I'aJde d'un fil tres l^ger de fer, d'un poids 
connu, qu'un courant eiectrique enflamme, au moment voulu. 

La plupart des details de I'appareil sont la reproduction de ce 
qui existe dans I'obus calorimetrique. Cependant, les tiges de 
suspension de la capsule et les electrodes dans le nouvel appareil, 
ne sont pas en platine, mais en cuivre rouge. Ces tiges sont 
encore en excellent etat, apres plus de deux cents combustions. 
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La nouvelle chambre de combustion n'est pas ^nudll^e.* 

Le couvercle porte deux robinets pointeaux identiques: I'un 
d'eux est en relation avec un tube de cuivre qui descend 
jusqu'au fond de la chambre de combustion, disposition adoptee dds 
I'origine, dans quelques obus construits envue de la combustion 
calorim^trique non seulement des substances solides mais aussi 
du gaz d'6clairage; elle permet de balayer k volont6 les gaz existant 
k I'int^rieur de Tinstnunent. 

La fermeture est assur^e par un couvercle qui, serr6 par des 
boulons, vient comprimer une bague de plomb. 

Le dessin que nous donnons ci-contre figure d'une fagon tr^s 
claire les departs de I'appareil et de ses accessoires. 

Au milieu, la chambre de combustion. La charge est pr^te 
dans la capsule pour I'allimiage. On remarque le fil de fer qui 
sert d'amorce et qui, en serpentant, prend le plus de contact 
possible avec la prise d'essai. 

Apr^s la combustion, on ouvre le pointeau de droite et les gaz 
sont 6vacufe et lav^s dans des ^prouvettes garnies d'lme solution 
alcaline. Ces ^prouvettes sont munies de tubes, modification et 
agrandissement du dispositif adopts par Maquenne, assurant un 
lavage rapide et efficace. La figure indique trois grands absorbevu's. 
Le quatriSme, plus petit, regoit de I'eau de baryte. C'est un 
tube t^moin. 

Le flacon, k I'extr^mit^ droite, oil vient aboutir le courant 
gazeux, d6barrass6 de son anhydride carbonique sert pom* les 
operations ult^rieures de titrage. 

Quand la plus grande partie des gaz a 6t6 6vacu6e, le courant 
s'arr^te sous la pression du liquide des tubes laveurs. II faut alors 
balayer k I'aide d'un coiu-ant d'air pur ce qui reste k I'int^rieur 
de I'appareil et entralner les moindres traces d'anhydride car- 
bonique dues k la combustion. On admet done par le robinet de 
gauche de I'air ou de I'oxygSne sous pression, decarbonate par des 
solutions de potasse et de baryte. Des barboteurs originaux, k 
disques de nickel performs, r6alisent ce lavage dans les meilleures 
conditions. 

>Quand on se propose de recueillir et d'6tudier certains produits de la com- 
bustion, comme I'acide sulfurique provenant du soufre du m6tal br<lle, I'ap- 
pareil regoit un vase cylindrique en porcelaine ou en t61e 6ma,iU6e qui constitue 
vin €mail amovible. 

La vignette k la partie sup^rieure de notre dessin, pr^ente un de ces vases. 
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Des clefs, un manomgtre, des tubes de raccord compl^tent 
Tappareil. Une vignette montre ces accessoires: on y voit I'obus 
au moment oi!l, la charge 6tant pr6par6e, on introduit I'oxygfene 
dans la chambre de combustion par le pointeau qui est en relation 
avec le tube int^rieur. L'oxygfene en entrant, ainsi, ne souldve 
aucime partie de la matiSre contenue dans la capsule. Le mano- 
mfitre est fix6 k I'autre pointeau. 

L'appardl de I'Ecole des Mines, cr66 en vue de diverses recher- 
ches est bien plus resistant qu'il ne convient pour le dosage du 
carbone. II a 6t6 6prouv6 k 400 atmospheres. Or, nous n'avons 
op6r6 aucune combustion k une pression sup6rieure k 12 atmos- 
pheres; et, encore, faut-il noter que d6s I'inflammation de la 
prise d'essai, la pression int^rieure s'abaisse, par suite de I'oxy- 
dation du fer. 

A cet 6gard, un appareil r6serv6 au dosage du carbone, serait 
bien moins resistant et plus l^ger que le n6tre, et son mode de 
fermeture pourait ^tre simplifi6. 

Nous ne doutons pas que Ton puisse obtenir des dosages satis- 
faisants de carbone k I'aide de I'obus calorim6trique ordinaire, 
en prenant des precautions particulieres. 

Enfin, la m^thode que nous d^crivons s'applique au dosage du 
carbone dans n'importe quelle matiSre organique. Berthelot 
avait indique cet emploi de la bombe. 

///. — Examen de la Methode 

Les lignes suivantes font connattre comment nous employons, 
pour doser le carbone des aciers et des ferro-alliages, I'appareil 
qui vient d'etre d6crit. EUes insistent sur la critique des causes 
d'erreur. 

1°. — Preparation de h, Prise d'Essai 

A. — Cas des Aciers. — L'etat de la prise d'essai importe peu. 
Nous avons br<iie des aciers k l'6tat soit de fines pergures, soit de 
copeaux, soit de sable grossier. 

Le poids de la prise d'essai peut etre assez eiev6 jusqu'fl 10 
grammes d'acier et mSme davantage. Le poids de la charge est 
limite cependant par les dimensions de la capsule. Nous pensons 
que le r^sidu fondu trouv^ aprSs I'operation ne doit pas avoir 
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plus de cinq millimetres d'6paisseur. D'autre part, si Ton assigne 
un volume (100 centimetres cubes, par exemple) de solution 
alcaline pour absorber I'anhydride carbonique, on doit, par 
precaution, admettre que ce volume sera d'un tiers au moins plus 
que suffisant pour obtenir un protocarbonate avec I'anhydride car- 
bonique correspondant k la teneiu- en carbone pr&um6e du mdtal. 

En fait, dans la plupart de nos essais, les prises d'essai ont 
vari6 de 3 ^ 5 grammes. 

Quand la prise d'essai est convenablement places au fond de la 
capsule, on obtient fr^quemment la combustion complete de la 
charge. Mais, il arrive aussi que le bain d'oxyde de fer fondu 
dans une capsule trop petite s'^tant fig6 trfes rapidement, sur ime 
trop grande 4paisseur, on trouve au fond de la capsule, sous forme 
d'un globule fondu, quelques centigrammes du m6tal qvii ont 
6chapp6 k I'oxydation. La composition de ce r&idu m^tallique 
est incertaine. II y a done 1^ ime cause d'erreur que Ton 6vite, 
en grande partie, par I'emploi d'une capsule plus grande. 

En plus, nous avons observe que les aciers silicieux brtil6s sans 
addition, et en apparence oxyd6s compldtement, ne donnaient 
par combustion qu'ime partie de leur carbone sous forme d'an- 
hydride carbonique. 

C'est ainsi que la combustion d'lm acier k 1,28 de silicium 
d'Imphy, ne nous a r6v616 que 0,20 de carbone contre 0,48, teneur 
vraie; que la combustion d'un acier k 1,98 de silicium d'Imphy, 
ne nous a r6v616 que 0,16 de carbone contre 0,49, tenevu: vraie.* 

Dans ces conditions, nous estimons n6cessaire une addition 
au m6tal d'lm fondant oxydant, capable de retarder la solidifica- 
tion du rfeidu oxyd6 et de completer I'oxydation du m6tal. 

Nous avons 6tudi6 I'emploi du protoxyde de plomb, du bi- 
oxyde de plomb et de I'oxyde de cuivre pur et calcin6. 

Tous ces corps permettent d'arriver au r&ultat. 

L'oxyde de plomb doit ^tre exempt de poussiSres organiques 
et d'acide carbonique. Nous le pr^parons en calcinant le bioxyde 
du commerce, exempt de mati^res organiques. 

Nous ne I'employons que nouvellement pr6par6, pour ^carter 
la cause d'erreur provenant de la carbonatation par I'air. 

'Ces exp&iences mettent en dvidence la presence dans les aciers silicieux 
d'une quantity importante de carbone, sous une forme difficile il brdler. 
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Le bioxyde de plomb doit fitre pur, exempt de poussidres et 
d'adde azotique. Nous avons eu quelques difficult^s k nous en 
procurer, dans ces conditions. 

Nous avons reconnu que, pour obtenir I'oxydation complete 
du m^tal, il suffisait d'ajouter, dans la capsule, k la prise d'essai, 
sous forme de PbO, la moiti6 au plus du poids du m^tal k br<iler. 
C'est principalement du protoxyde de plomb que nous avons 
fait usage. 

Nous pr^parons la charge comme il suit: 

La capsule est d'abord port6e au rouge et d6barrass6e ainsi 
de toutes traces de poussi^res organiques. EUe regoit ensuite, 
encore rouge, I'oxyde de plomb qui fond aussit6t; enfin refroidie, 
elle revolt, au-dessus de la masse d'oxyde de plomb, la prise d'essai 
elle-m6me. 

L'oxyde de plomb pent apporter ime cause d'erreur 6ventuelle 
par suite de sa carbonatation k I'air, D'autre part, la combustion 
vive a pour effet de tapisser la parol de la chambre de combustion 
d'une certaine quantity d'oxyde pulverulent, qui pent retenir un 
peu d'anhydride carbonique. C'est une cause d'erreur, par d^faut. 

Or, nous avons br<il6 5 grammes d'acier doux de Trignac, sans 
addition, dans I'appareil, r&ultat: 0.068% de carbone; 3 grammes 
sans addition, r&ultat: 0.071 de carbone; 6 grammes avec 3 
grammes d'oxyde de cuivre, r&ultat: 0.070 de carbone; enfin, 5 
grammes avec 3 grammes d'oxyde de plomb, r&ultat: 0.071% de 
carbone. 

Nous concluons de la concordance de ces essais que I'emploi 
de I'oxyde de plomb est sans influence sensible sur la precision 
du dosage. 

B. — Cos des f antes et des ferro-alliages. — La combustion des 
fontes et des ferro-alliages ordinaires, tels que le silico-spiegel et le 
ferro-mangantee, n'offre pas de difficultfe. Ce que nous venons 
de dire s'applique k ces m6taux. En outre, nous jugeons commode 
de placer dans la capsule un gramme, par exemple, de fer m^tal- 
lique facile k brtiler et de teneur en carbone connue, entre la prise 
d'essai et le fil de fer qui sert d'amorce. On assure ainsi la par- 
faite inflammation du m6tal. Nous revlendrons bientdt sur cet 
emploi du fer, comme combustible auxiliaire. 
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La combustion des ferro-alliages, tels que le ferro-vanadium 
et le ferro-molybdSne, est ais6e. 

Nous avons, par ailleurs, traits ces alliages comme les alliages 
trfes r^fractaires dont il va ^tre question. 

La combustion complete des ferro-alliages r^fractaires, tels 
que le ferro-silicium, le ferro-clir6me, le ferro-tungst6ne, le ferro- 
titane, exige, en plus d'lm fondant comme I'oxyde de plomb un 
combustible auxiliaire. On ne manque jamais de recourir k un 
semblable artifice, quand ime combustion dans la bombe offre 
quelques diflBcultfe. 

Nous avons 6tudi6 I'emploi du fer m^tallique^ qui a I'avantage 
de diminuer la teneur moyenne en 616ment r^fractaire de la charge 
de la capsule. 

Nous avons 6tudi6 aussi I'emploi du manganfee alimiino- 
thermique, concurremment avec le fer et avec I'oxyde de cuivre. 
Nous avons ainsi obtenu de bons r&ultats. Mais, le mangan&e 
ne pent fitre ajout6 qu'en tr^s faible quantit6: le moindre excSs 
ayant pour effet de percer la capsule pendant la combustion. 

L'emploi du fer en quantity suffisante est pr6f6rable. II est 
legitime, puisque notre m6tliode permet de titrer, avec une grande 
precision, m^me sur une prise d'essai de 10 grammes, la teneur en 
carbone de I'^chantillon adopts comme combustible auxiliaire. 

Pour I'essai des ferro-aUiages r^fractaires, nous avons s6par6 
deux cas: 

1°. — Cas des ferro-alliages h faible teneur en carbone. — 

C'est peut-^tre le plus int^ressant. Parmi ces ferro-alliages, 
on trouve le plus difficile k brtiler des ferro-alliages courants, le 
ferro-silicium et il importe d'op6rer sur ime prise d'essai im peu 
considerable, au moins deux grammes. 

D'une fagon g6n6rale, nous avons reconnu que la quantity de 

fer suffisante, k m61anger k la prise d'essai 6tait d'environ 3 fois 

le poids de cette prise d'essai; la quantit6 d'oxyde de plomb k 

ajouter restant reprfeent^e par la moiti6 de la charge m6tallique 

de la capsule. RSgle qui n'a rien d'absolu. A deux grammes 

de ferro-alliages, par exemple, correspondent 6 grammes de fer et 

4 grammes d'oxyde de plomb. 

'M. de Nolly a fait comialtre en Septembre demier I'emploi du fer mfital- 
uque pour assurer la combustion des ferro-alliages dans son inz^nieux appareil 
(loc. cit.) 
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Pratiquement, nous fondons d'abord 3 grammes d'oxyde de 
plomb dans le fond de la capsule et nous versons, audessus de cet 
oxyde, la charge compos^e du melange de 2 grammes de ferro- 
alliages, de 6 grammes de fer en fines pergures et de 1 gramme de 
bioxyde de plomb en poudre. 

2°. — Cas des ferro-alliages riches en carbone. — 

Certains de ces alliages, comme le ferro-chr6me peuvent retenir 
plus de 10% de carbone. Limit^s par le volume de liqueur titr6e 
que nous nous sommes assign^, 100 centimetres cubes, nous 
pr6f6rons ne br<Uer qu'un poids assez faible de m6tal, par exemple 
0,400 gr. de ferro-chr6me riche. Comme la combustion d'une 
masse m^tallique un peu importante est indispensable pour 
assurer I'oxydation de la prise d'essai, mdme en faible poids, nous 
ajoutons du fer de fagon k ne pas abaisser au-dessous de trois 
grammes la quantity h brtiler. 

Dans les conditions que nous venons de dire, nous n'avons pas 
rencontr6 d'insuccSs. 

Nous ajoutons qu'au cours de nos exp6riences, nous n'avons 
admis comme satisfaisantes que les combustions laissant dans la 
capsule im r^sidu parfaitement fondu et oxyd6. La faculty d'exam- 
iner le r^sidu de la combustion et de I'dtudier est un des avantages 
de notre m6thode. 

S°. — Pression de VOxyghne 

La charge 6tant pr6par6e dans I'appareil, on admet I'oxyg^ne. 
On commence par chasser I'air de la chambre de combustion; on 
fixe alors le manom^tre et on laisse monter la pression jusqu'au 
point voulu. Les robinets 6tant fermfe, on s'assure alors de 
l'6tanchdit6 du syst^me, au besoin en le plongeant dans I'eau. 
Eiifin, on enflamme 61ectriquement I'amorce comme cela a. fieu 
pour I'obus calorimStrique. La combustion ne demande que 
quelques instants. 

Nous avons 6t6 conduits k ^tablir la pression convenant k 
chaque experience, comme il suit: 

Aciers. — Pour le premier gramme k brfiler, 3 atmospheres; 
pour chacun des grammes en plus, ime demi atmosphere. Ainsi, 
5 atmospheres correspondrent k une prise d'essai de 5 grammes. 

Ferro-alliages. — Pour le premier gramme, 5 atmospheres; pour 
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chacun des grammes en plus de la charge m^tallique, une demi 
atmosphere. Ainsi, 8 atmospheres conviendront pour briiler un 
melange de 2 grammes ferro-silicium et de 6 grammes de fer. 

L'oxyg^ne du commerce est le plus souvent assez pur. Des 
trois reservoirs que nous avons employes, pom* nos recherches, 
deux ne contenaient pas d'anhydride carbonique en quantity 
sensible, le dernier en retenait ime proportion correspondant k 
0,1 mg. en carbone par atmosphere. Nous en avons tenu compte. 

Nous avons aussi op6r6 la combustion des prises d'essai diff^r- 
entes d'un m^me ^chantillon, sous des pressions varices et trouv6 
des dosages concordants. Nous concluons que I'emploi de I'oxy- 
gtoe dans les conditions ci-dessus, ne saurait introduire d'erreurs 
dans nos dosages. D'autre part, la pression 61ev6e de I'oxygene 
assure la combustion complete du carbone k I'^tat d'anhydride 
carbonique. 

3°. — Dosage Volumetrique du Carbone 

Le proc6d6 que nous avons adopts consiste, on le salt, k laver 
les gaz de la combustion et k absorber I'anhydride carbonique dans 
une solution alcaline titr^e, de volume determine. L'anhydride 
modifie le titre de la solution; la mesure de cette modification 
fixe la quantity de carbone cherch^. 

La solution alcaline dont le titre est connu est titr^e k nouveau 
apres le lavage des gaz, k I'aide d'lme solution acide fix6e par 
cette condition que 1 centimetre cube, par exemple, y corresponde 
k un milligramme de carbone. La difference des deirx titrages 
donne done imm^diatement le carbone de la prise d'essai. Nous 
avons egalement employe des solutions cinq fois plus etendues. 

Aussitdt apres I'inflammation, I'instrument est mis en relation 
avec les flacons laveiu*s. Le lavage peut etre conduit assez rapide- 
ment. Nous donnons cinq quarts d'heure k cette operation, 
quand I'appareil a ete charge k 5 atmospheres, y compris une 
demi-heiure que nous avons reconnue utile pour balayer, k I'aide 
de I'air pur. les dernieres traces d'anhydride carbonique. La 
Vitesse du courant gazeux correspond k I'ecoulement d'un litre en 
dix minutes. 

II importe qu'aucun element etranger ne joigne son action k 
celle de I'anhydride carbonique. Nous avons done contr6ie. 
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dans les gaz, I'absence de compos&i de I'azote pouvant dormer 
naissance ^ventuellement k un peu d'acide azotique. 

Nous remarquerons aussi que les acides r&ultant de la combus- 
tion vive de certains alliages, comme I'acide vanadique et I'acide 
molybdique, restent, aprfis la combustion, soit dans la capsule, 
soit sur les parois de Tinstrument, condenses k I'^tat pulverulent. 
Le courant gazeux ne saurait entrainer aucvme trace de ces acides. 

Nous ajouterons que la combustion du fil de fer servant d'amorce 
ne saurait apporter une surcharge appreciable. Cette amorce ne 
p6se ordinairement que quelques centigrammes: par gramme, elle 
ne renferme pas plus de 0,001 gr. de carbone. 

Nous avons 6tudi6, pour absorber I'anhydride carbonique, 
I'emploi de I'eau de baryte et I'emploi d'une solution de soude. 

A. — Emploi de I'eau de baryte titr&e par I'acide oxalique avec la 
phtalHne du phenol comme indicateur. 

C'est la formule que nous avons appliqu^e k la determination 
des diverses teneurs en carbone que nous avons publi^es, au mois 
de Septembre dernier. 

On obtient \me solution de baryte de concentration suffisante 
en etendant un volume de solution satur^e avec son volume d'eau 
distiliee. La solution d'acide oxalique correspondant k im milli- 
gramme de carbone par centimetre cube, contient theoriquement 
par litre 10,5 gr. d'acide. L'acide du commerce n'est pas toujours 
rigoureusement pur. En vue de recherches precises, il convient 
done de comparer I'acidite d'une solution d'acide sulfurique, 
titree ponderalement. Cette comparaison fixe le poids exact 
d'acide oxalique k dissoudre. La solution dont nous avons fait 
usage contenait, dans ces conditions, 10 gr. 6 par litre. 

Pour une experience, on commence par fixer le titre de la solu- 
tion de baryte employe. On repartit ensuite entre les barboteurs 
la quantite voulue de solution. Si Ton emploie 60 centimetres 
cubes par exemple, le premier barboteur regoit 30 centimetres 
cubes, le second 20 centimetres cubes et le troisieme 10. On 
complete le volume des barboteurs avec de I'eau distiliee. Enfin, 
le lavage des gaz etant termine, on ver se le contenu des barboteurs 
dans ime fiole, on y ajoute I'eau du ringage des barboteurs et on 
precede au titrage. 

Les liqueurs sont faciles k preparer. L'emploi de la baryte met 
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sous les yeux de I'op^ratetir rabsorption de ranhydride sous forme 
de carbonate neutre de baryum. Le virage est tr^s apparent. 

Le mode de proc6d6 que nous venons d'exposer doit Itre critiqul. 

Nous avons v^rifid que diurant I'op^ration de titrage, la carbona- 
tation par I'air des liquides 6tait tout k fait n^gligeable, dans notre 
laboratoire. 

Nous avons constats une cause d'erreur, par excSs plus grave. 
Cette cause d'erreur, suivant nos mesxires, peut ajouter k la teneur 
en carbone environ 3% de cette teneur. La surcharge est peu 
importante avec des aciers k faible teneur en carbone elle ne doit 
pas ^tre n^glig^e avec les m^taux plus carbonfe. 

Voici en quoi consiste cette cause d'erreur; la determination du 
titre en presence de la phtal^ine du phenol, donne lieu k un virage 
net et d^finitif quand la liqueur est limpide. C'est le cas od Ton 
se trouve quand on fixe le titre initial de la solution. Mais, quand 
la liqueur titr6e contient en suspension du carbonate de baryxmi, 
pr^cipite, c'est le cas ^ la fin de I'op^ration, les choses se passent 
autrement. On observe g^n^ralement, quelque temps apr^s le 
virage pr6sum6 d^finitif, la r^apparition de la couleur ros6e. II 
faut alors ajouter une goutte d'acide. Souvent, bient6t, nouvelle 
apparition de la couleur ros6e demandant encore ime goutte d'acide 
et le ph6nom6ne peut se prolonger assez longtemps, mettant en 
6-vidence que le tirage n'6tait pas d^finitif et qu'il restait encore des 
traces d'alcali k saturer. Cela provient de ce qu'un peu de baryte, 
adh6rant au carbonate, se remet peu k peu en dissolution. 

On peut, par ailleurs, obtenir un virage d^finitif, tout de suite. 
II suffit de porter k I'^bullition la liqueur k titrer, de la refroidir 
pour 6viter la formation d'oxalate acide de baryimi et de proc6der 
au titrage dans la liqueur froide. 

Dans ces conditions, les chiffres obtenus sont exacts. Nous 
avons compart quelques unes des teneurs d6termin6es, comme il 
vient d'etre dit, aux r&ultats obtenus k I'aide du titrage k la soude 
d^crit plus loin. 

C'est ainsi que nous avons trouv^ avec I'eau de baryte, pour 
un acier silicieux d'Imphy, 0,483 pour 100 de carbone. 

La charge de la capsule avait compris 3 grammes d'acier, 6 
grammes d'oxyde de plomb et 1 granmae de fer m^tallique inter- 
pose entre I'acier et I'amorce en fil de fer. 
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Utre de 60 c/mc de liqueur initiaJe en milligrammes de 

carbone 41,70 

Titre de la liqueur aprfis absorption 26,50 

Difference 15,20 

h d^duire le carbone de 19 de fer m^tallique 0,7 

Teneur en carbone de 3 grammes d'acier 14,50 

Carbone del'acier p. 100 0,483 

Pour vm essai, la capsule avait regu 1 gramme du mSme 
acier, 3 grammes d'oxyde de plomb sans addition de fer 
m6tallique, le tirage, k I'aide d'lme solution de soude a 
donn6p. 100 0,485 

La concordance ne laisse rien k d^sirer. 

B. — Emploi d'une sohdion de soude titrie par I'acide svlfurique 
avec la phtalMne du phenol comme indicateur. 

Le chauffage k I'^bullition et le refroidissement de la liqueur de 
baryte avant le dosage final, augmentent la dur^e de Top^ration. 
Si le pr6cipit6 form6 est abondant, il reste fortement attache aux 
parois de la fiole d'absorption et 6cliappe ainsi en grande partie k 
V fipuisement par Taction de la chaleur. L'emploi d'une solution 
de soude 6vite ces inconv6nients et permet d'arriver k des rdsultats 
trha pr6cis. Nous avons fait usage de cette dernifire formule pour 
retude d'un grand nombre d'6chantillons, notamment des ferro- 
alliages. 

La concentration du liquide absorbent est dans certaines limites 
arbitraire, puisqu'elle depend du degr6 d'approximation que Ton 
veut obtenir. De m^me, pour la solution acide. 

La solution alcaline dont nous faisons usage contient 4 grammes 
de soude par litre. La solution sulfurique contient 4 gr. 083 d'acide, 
mesurde pond^ralement avec les precautions habituelles et corres- 
pondant k 1 milligramme de carbone par centimetre cube. Ces 
solutions ne different pas de celles indiqu^es par M. de Nolly, 
en vue de I'application de son proc6d6. 

La conduite d'lme experience avec la solution de soude est ce 
que nous avons dit k propos de la solution de baryte. 

La quantite de liqueur absorbante k employer, suivant la teneur 
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pr6sum6e en carbone k doser, ressort des reactions mises en oeuvre, 
d'abord pour I'absorption de I'anhydride carbonique, ensuite 
pendant le titrage k I'acide sulfurique. 

4 (NaOH)+2C02 = 2 (NaaCOa) = 2H2O 

2 (Na2C03)+S04H2 = 2 (NaHCOa) +Na2S04 

Un assez grand excSs de liqueur alcaline est indispensable. Le 
virage est plus d^licat k saisir que dans le cas de I'eau de baryte, 
et il est bon de revenir en arrifere, avec un peu de solution de sonde, 
jusqu'^ r^apparition de la couleur ros^e. 

Le lavage des tubes absorbeurs, avant le titrage se fait bien 
plus facilement dans le cas de la liqueur sodique que dans le cas 
de la liqueur de baryte plus ou moins charg^e de carbonate pr4- 
cipit6. Mais il faut se m^fier de I'eau distilMe, employee pour le 
lavage. Cette eau distill^e pent retenir une petite quantity d'an- 
hydride carbonique en dissolution et introduire une surcharge 
appreciable, si le volume d'eau de lavage employee est un peu 
considerable. 

On annule ais6ment cette cause d'erreur assez faible, en pro- 
c6dant comme nous I'avons fait dans I'^tude des ferro-alliages. 

On fixait le carbone total d'une charge composee de la prise 
d'essai, d'un certain poids de fer et d'un peu d'oxyde de plomb. 
En operant identiquement dans les mSmes conditions (m6me vol- 
ume d'eau de lavage, meme volume de solution alcaline etc.), on 
determinait ensuite le carbone d'une charge composes seulement 
du m^me poids de fer et de I'oxyde de plomb. II est clair que la 
difference des chiffres fournis par les dexix experiences, correspon- 
dait au carbone de la prise d'essai du ferro-alliage, abstraction 
faite des incertitudes connues ou inconnues. 

Enfin, nous avons tout recemment ameiiore notre appareil. 
Aux deux ou trois tubes absorbeurs, nous avons substitue im tube 
absorbeur unique. Le tube est assez grand pour servir non seule- 
ment k I'absorption de I'anhydride carbonique, mais aussi au 
titrage. II pent recevoir 100 centimetres cubes de solution alcaline 
correspondant k 0,2 mg. de carbone par C3. Pendant le titrage, 
effectue avec une solution acide equivalente, la liqueur est agitee 
avec le courant d'air decarbonate. L'emploi de ce tube dont 
nous doimons un dessin, evite tout lavage et tout transvasement, 
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au b6n6fice de la precision de la m^thode. Une burette dont le 
robinet est ^galement repr6sent6 sert k I'introduction de I'acide; 
elle porte k sa partie sup6rieure un renflement de 50 Ca reprfeentant 
la quantit6 de liqueur acide devant saturer I'exc^s de soude employ^ 
pour I'absorption. 

IV. — Resultats d' Experiences 

Nous avons appliqu6 la combustion sous pression au dosage du 
carbone d'lm nombre important d'^chantillons d^jk analyses dans 
des laboratoires d'usines. La complaisance des Etablissements 
M^tallurgiques nous avait foumi ime collection si 6tendue et si 
vari^e d'acier et de ferro-alliages qu'il n'est pas possible de douter 
de la g6n6ralit6 de notre m^thode. 

Les chiffres que nous publions ci-apr6s, sont les r&ultats de 
plus de deux cents combustions. 

En plus de ces experiences, nous avons determine le carbone de 
quelques uns de nos 6chantillons d'aciers, en attaquant des prises 
d'essai de 10 grammes par le chlorure de cuivre et de potassium 
en dosant le carbone du gaz mis en liberty pendant I'attaque et 
en brulant sur la grille k analyse 616mentaire le r^sidu carbon6. 
Nous avons fait usage du chlorure de cuivre dans les conditions 
que I'un de nous a pr6cis6es au cours d'lm travail recent.' Ce 
proc6d6 est ainsi k I'abri de toute critique, et les chiffres qu'il nous 
a donnas peuvent toe regard^s, pour les m^taux attaquables dans 
ces conditions comme im contr61e des teneurs obtenues suivant la 
nouvelle m6thode. 

Nous avons aussi recherche le carbone de quelques ferro-alliages 
par combustion directe, dans un courant d'oxyg^ne, en nous ser- 
vant de deux fours 61ectriques, I'un pour brfiler le m6tal, I'autre 
pour oxyder, par I'oxyde de cuivre, I'oxyde de carbone resultant 
de la combustion incomplete. Nous consid4rons ce proc6d6 
comme moins certain que le nbtre car il ne doime souvent qu'une 
oxydation incomplete et nous n'en avons retenu les indications 
qu'k titre de comparaison. 

Deux tableaux r^unissent les r&ultats de notre travail. 

lEmploi des sels cuivriques pour I'analyse des fontes et des aciers par A 
Camot et E. Goutal (Annales des Mines 1898). 

E. Goutal compte-rendus 13 Avril 1909 et Etude des Gaz d6gag6s par 
Taction des sels cuivriques sur les aciers. (Revue de M^tallurgie 1910, page 6. ) 
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Le premier tableau indique I'analyse des divers 6chantillons 
6tudi6s, telle qu'elle nous a 6t6 conununiqu^e par les usines; le deux- 
ifeme tableau compare les teneurs en carbone d^termin6es k I'aide 
de la nouvelle m6thode (coloime A) soit k I'aide du chlorure de 
cuivre (colonne D) ou du four 41ectrique (colonne E) aux teneurs 
obtenues dans les laboratoires des usines (colonne B). 

Notons que pour I'analyse des aciers les laboratoires industriels 
se servent en g^n^ral de I'appareil Wiborgh et que pour I'analyse 
des ferro-alliages ils n'ont, jusqu'en ces derniers temps, eu k 
leur disposition que la combustion dans un courant d'oxygSne. 
Les chiffres ainsi fix& figurent dans notre tableau. 

A ces m^thodes, il faut ajouter celle de M. de Nolly. 

M. de Nolly, chef du service chimique de la Soci6t6 des Forges 
et Aci^ries de la Marine, nous a confix tr^s obligeamment un 
assortiment complet de ferro-alliages d^jS. analyses suivant son 
proc4d6. II a bien voulu aussi rechercher, avec son appareil le 
carbone de plusieius 6chantillons que nous possMons d6jk. Une 
colonne du deuxidme tableau (colonne C) r^unit les teneurs 
ainsi observ^es, compl^tant les ^l^ments de comparaison que nous 
mettons sous les yeux du lecteur. 





1 Ti 


C 


Si 


S 


Ph 


Mn 


Elem. sp6c. 


Acier extra-doux 


(Imphy) 


0,060 


0,350 


0,022 


0,025 


0,19 




Acier extra-doux 


Tngnac} 
1 Creusot) 


0,070 


Traces 


0,053 


0,008 


0,23 




Acier extra-doux 


0,110 


0,012 


0,018 


0,016 


0,40 




Acier demoulage 


(Imphy) 


0,190 


0,310 


0,033 


0,024 


0,30 




Acier demi-dur 


(CreuBot) 


o,2go 


0,340 


0,030 


0,060 


0,75 




Acier Nickel-Chrome 


(Imphy; 
(Imphy; 


0,290 


0,380 


0,043 


0,046 


0,80 


Cr 1,03 
Ni 31,36 


Acier Silicieux special 


0,410 


1,280 


0,041 


0,062 


0,54 




Acier Silicieux special 


(Imphy, 


0,420 


1,970 


0,044 


0,078 


0,57 




Acier Nickel-Chrome 


(Creusot) 


0,350 


0,093 


0,040 


0,008 


0,22 


Cr 2,00 
Ni 31,90 


Acier Dur 


(St. Chamond) 


0.950 


0,260 


0,014 


0,073 


0,60 




Acier Nickel-Chrome 


Imphy) 


0.420 


0,260 


0,034 


0,041 


00,64 


Cr 2,05 
Ni 21,60 


Acier Mangano-silicieux 


iSt. Chamond) 


0,590 


1,650 


0,034 


0,041 


0,47 




Acier Chrome 


(Creusot) 
(Creusot) 


0,365 


0,175 


0,014 


0,031 


Trac. 


Cr5,10 


Acier Tungatfene 


0,510 


0,116 


0,030 


0,013 


0,12 


Tu9,99 


Acier Trempant 


(Imphy) 


0,690 


0,220 


0,016 


0,011 


0,43 




Acier rapide 


(Imphy) 
(Imphy) 


0,630 


0,260 


0,006 


0,011 


0,04 


Cr5,07 
Tu 19,85 


Acier Bufidois 


0,960 


0,020 


0,022 


0,034 


0,14 




Acier extra-dur 


(Creusot) 


1,360 


0,175 


0,040 


0,018 


0,15 




Fonte Thomas 


(Creusot) 


2,746 


0,280 


0,082 


1,870 


2,12 




Fonte Martin acide 


(Creusot) 


3,650 


2,074 


0,043 


0,068 


3,50 




Fonte Martin baaique 


(Creusot) 


3,550 


1,280 


0,056 


0,068 


1,46 




Silico-spiegel 


(Creusot) 


2,420 


8,710 


0,023 


0,110 


17,98 




Ferro-manganfese 


(Creusot) 


5,830 


0,930 


0,027 


0,270 


81,94 




Ferro-silicium 


(St. Chamond) 


0,120 


74,80 










Ferro-silicium 


(Creusot) 


0,140 


26,200 


0,018 


0,130 


0,26 




Chrome aluminothermique 


(St. Cham'd.) 


0,180 










Cr 96,75 


Ferro-Chrome 


(Giffre) 
(Gitfre) 


0,750 










Cr 67,00 


Ferro-Chrome 


1,440 










Cr 70,19 
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TABLEAU— Coniinw^ 



Ferro-Chrome 

Ferro-Chrome 

Ferro-Chrome 

Ferro-Chrome 

Ferro-TungBtine 

Ferro-Vanadlum 

Ferro- Vanadium 

Ferro-Molybdine 

Ferro-Titane 

Ferro-Aluminium 



Acier extrardouz 

Aoiereztra^oux 

Acier eztra-douz 

Aoier extra-douz 

Acier demoulage 

Acier demi-dur 

Aoier Niokel-Chrome 

Acier Niolcel-Chrome 

Aoier BiIioieux-sp6oial 

Aoier ailioieuz-spioial 

Aoier Niokel-Chrome 

Aoier Tuagat6ne 

Aoier Chrome 

Aoier mangano-silioieuz 

Aoier rapide 

Acier trempant 

Aoier dur 

Acier suMoia 

Aoier eztra-dur 

Fonte Thomas 

Fonte Martin basique 

Fonte Martin aoide 

Silioo Spiegel 

Ferro-Mangandse 

Ferro-silicium 

Ferro-silioium 

Clirome aluminothermique 

Ferro-Chrome 

Ferro-Chrome 

Ferro-Clirome 

Ferro-Chrome 

Ferro-Chrome 

Ferro-Chrome 

Ferro-Tungstine 

Ferro-Vanadium 

Ferro-Vanadium 

Ferro-Molybdine 

Ferro-Titane 

Ferro-Aluminium 



C 

(Gi£fre) 3,400 

(Qitfre) 6,800 

(Creusot) 6,530 

(St. Chamond) 10,040 
(Creusot) 0,870 

(St. Chamond) 0,320 
(St. Chamnod) 
(St. Chamond) 
(St. Chamond) 
(St. Chamond) 



Si 



Fh Mn 



0,600 0,021 0,036 Trao. 
0,093 0,015 0,003 0,12 



3,810 
4,090 
0,100 
0,180 



2«- TABLEAU 



(St. Chamond) 

(Trignao) 

(Imphy) 

(Creusot) 

(Imphy) 

(Creusot) 

(Imphy) 

(Creusot) 

(Imphy) 

(Imphy) 

(Imphy) 

(Creusot) 

(Creusot) 

(St. Chamond) 

(Imphy) 

(Imphy) 

(St. Chamond) 

(Imphy) 

(Creusot) 

((Creusot) 

(Creusot) 

(Creusotj 

(CrGuaot) 

(<I!reu80t) 

(St. Chamond) 

(Creusot) 

(St. Chamond) 

(Giffre) 

(Giffre) 

(Giffre) 

(Giffre) 

(Creusot) 

(St. Chamond) 

(Creusot) 

(St. Chamond) 

(St. C!;hamond) 

(St. Chamond) 

(St. Chamond) 

(St. Chamond) 



A 
0,044 
0,060 
0,070 
0,116 
0,194 
0,303 
0,336 
0,370 
0,485 
0,492 
0,510 
0,621 
0,570 
0,600 
0,680 
0,714 
0,990 
1,010 
1,366 
2,960 
3,910 
3,930 
2,680 
6,S10 
0,198 
0,183 
0,180 
0,810 
1,630 
3,630 
6,200 
6,700 
10,660 
0,890 
0,317 
3,660 
3,670 
0,060 
0,785 



B 
0,045 
0,070 
0,060 
0,110 
0,190 
0,290 
0,290 
0,360 
0,410 
0,420 
0,420 
0,510 
0,365 

0,630 
0,690 
0,950 
0,960 
1,360 
2,746 
3,650 
3,650 
2,420 
6,830 

0,140 

0,750 
1,440 
3,400 
6,800 
6,630 

0,870 



C 
0,044 



Elem. epto. 
Cr 73,30 
Cr 73,37 
Cr67,10 
Cr 68,80 
Tu 85,28 
Va 41,00 
Va 43,80 
Mo 74,22 
Ti 20,40 
Al 16,75 



E 
0,060 



0,630 



0,590 
0,700 



0,303 
0,475 

0,670 
1,377 



3,990 3,918 
3,900 
2,576 

0,120 
0,130 
0,180 
0,745 



6,665 
10,640 
0,890 
0,320 
3,810 
4,090 
0,100 
0,950 



0,500 



0,980 



0,11 
0,13 



9,73 



3,660 
3,700 



Les teneurs en carbone que nous avons trouv^es sont voisines 
de celles des usines, dans les aciers ordinaires. Mais, elles sont 
souvent plus 61ev6es que celles-ci, dans les aciers sp^ciaux et partic- 
uliSrement dans les aciers silicieux. D'autre part, la nouvelle 
m^thode a donn6 des chiffres coincident, autant que Ton pouvait 
le souhaiter, avec ceux des experiences de contr61e (emploi de 
chlorure de cuivre). II r&ulte de 1^ que Ton doit tenir pour sus- 
pect le proc6d6 de Wiborgh, en usage dans les usines, puisque ce 
precede ne fournit pas dans tous les cas des chiffres exacts. II 
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r^sulte, aussi, de notre travail que la combustion sous pression 
apporte dans la comparaison des teneurs en carbone des aciers, 
depuis les moins carbonfe jusqu'aux aciers les plus durs, une 
precision incontestable. Nous avons constats que Ton peut, 
sans difficult^, obtenir des chiffres ne s'^cartant pas I'un de I'autre 
de plus de 0,01 pour cent, pour le m§me acier essay6 dans des 
conditions diff^rentes. 

Poiur les ferro-alliages, nos chiffres different souvent et sensible- 
ment des chiffres indiqu^s par les usines, tant6t par d^faut, tant6t 
par excSs. Le r^sultat 6tait, en quelque sorte, pr^vu. 

Nous croyons que I'emploi de la combustion sous pression aura 
pour effet de substituer, dans la determination du carbone des 
ferro-alliages, beaucoup de rigueur et de simplicity £l I'incertitude et 
k la complication des autres m^thodes. 



THE ACTION OF BOILING SULPHURIC ACID 
ON PLATINUM 

By Lb Rot W. McCat 
Princeton, New Jersey 

In the course of my work on the analysis of tin-antimony alloys, 
which involves the use of hydrofluoric as well as nitro-hydrofluoric 
acid, I find it necessary to heat concentrated sulphuric acid in a 
platinum dish not only to moderate fuming, but even to boiling. 
The sulphuric acid is heated to moderate fuming to expel the 
hydrofluoric and nitric acids, and the acid is boiled in the presence 
of a piece of sulphur to reduce any antimonic oxide which may be 
In the solution to antimonious oxide. 

Now although I have never found that the precipitates of anti- 
monious and stannic sulphides contain platinum, it seemed ad- 
visable to make a careful study of the action of boiling sulphuric 
acid on the platinum dish used, particularly since I have been 
unable to find anything concerning the matter in the standard 
works on analytical chemistry'- As a matter of fact, boiling con- 
centrated sulphuric acid does dissolve platinum*. This was 
first shown by Scheurer-Kestner and Hasenclever, who have made 
valuable observations on the rate at which the stills are attacked 
by the sulphuric acid, in the preparation of the ordinary oil of 
vitriol containing from 92-94 per cent H2SO4, as well as in the 
preparation of high grade acids containing from 97-98 per cent 
HjS04. The loss in platinum suffered by the stills is from eight 
to ten times greater in the latter than in the former case. According 
to Scheurer-Kestner boiling concentrated sulphuric acid free from 
nitrous acid has no action on platinum. For the figures given I 
must refer the reader to the original articles'. 

■Such as those of Rose, Fresenius, Classen and Treadwell. 

'Cionroy, J. Soc. Chem. Ind. 1903, V. 22, 465. Del^phine, Compt. Rend. 
1905, T. 141, p. 886 and 1013. Quennessen, Compt. Rend. 1906, T. 142, p. 
1341. Deldphine, Compt. Rend. 1910, T. 150, p. 104. 

•Scheurer-Kestner, Hofmann's Report to the Juries, 1862, p. 16. Compt. 
Rend. T. 81, p. 892; T. 86, p. 1082; T. 91, p. 59. Hasenclever, Hofmann's 
Bericht Fur 1875, B. I. p. 188. See also G. Lunge, Sulphuric Acid and Alkah, 
Vol. I, pt. 2, 875-876. 
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The dish used by me holds comfortably 200 cc. It has been in 
use off and on for some twenty years, is of the best material and 
excellent workmanship. Before each experiment it was thoroughly 
cleaned and glowed. The sulphuric acid contained no nitrous acid, 
and was from 95-96 per cent pure. Heated to moderate fiuning 
for from ten to fifteen minutes, it had no perceptible action on 
the platinum. When, however, the acid was heated to strong 
fuming, but not to boiling, for the same length of time, an appreci- 
able amount of the metal dissolved. 

10 cc. Cone. H2SO4 were heated in the uncovered dish to mod- 
erate fuming for ten minutes, the acid remaining was diluted 
to 300 cc, the solution heated to boiling and saturated with hydro- 
gen sulphide. The flask containing the solution was then corked 
and allowed to stand for several days. Nothing separated out, 
barring a Uttle white sulphur. 

The experiment was repeated with 25 cc. acid. Here the dish 
was covered with a clock glass, and the acid heated to a point just 
below boiling for fifteen minutes. Since the precipitate obtained 
with hydrogen sulphide was dark in color, I filtered it off and ig- 
nited it strongly. There remained 0.0003 g. which on further 
examination proved to be platinum. 

Since in my work on the tin-antimony alloys I never use more 
than 10 cc. of the concentrated acid, and since heating to moderate 
fuming for fifteen minutes is sufficient to expel the nitro-hydro- 
fluoric acid, no further study of this phase of the matter appeared 
necessary. 

When the acid was heated to boiling and kept boiling for some 
time it became yellow^ Two experiments were made to determine 
the exact amount of platinum dissolved in one hour. In each 
case the dish was covered with a clock glass, the acid heated to 
gentle ebullition over a free flame, and the boiling continued for 

'Fischer rectified some oil of vitriol by distiUing it from a glass retort 
containing little pieces of platinum. The metal became crystalline in ap- 
pearance, and the residue was brownish yellow from the formation of plati- 
nic sulphate. Kastner's Archive B. 14, p. 149. 

According to Del^phine there are two sesquioxyplatinic sulphuric acids 
formed when boiUng concentrated sulphuric acid acts on platinum — (l)Pt 
(OH)! (SOH.) +Aq. (Acid of Blondel) which is yellow, and (2) Pt (OH) SOiHi 
+Aq. which is reddish brown. Both are derivatives of trivalent platinum. 
Compt. Rend. T. 150, p. 104^106. 
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the time specified. What remained was strongly diluted with 
water, the solution heated to boiUng and saturated with hydrogen 
sulphide. The platinic sulphide was allowed to settle completely 
before it was filtered off. 

(1) 10 cc. cone. H2SO4 dissolved 0.0038 g Pt. 

(2) 20 cc. cone. H2SO4 dissolved 0.0077 g Pt. 

Practically, then, twice as much platinum was dissolved in the 
second as in the first case. The inner surface of the dish just 
above the tip of the flame was spotted in both cases, the spots 
being dull in appearance and about the size of pin heads. Indeed, 
I noticed that these spots always appeared, it mattered not what 
the conditions were under which the acid was boiled. 

Tin-antimony alloys rich in lead — containing 60 per cent lead 
and upwards — are not completely decomposed by boiling con- 
centrated sulphuric acid. The lead sulphate remaining is always 
gray, and contains several milligrams of antimony. An excellent 
solvent for such alloys is warm dilute nitric acid (1:4) to which 
ten to fifteen drops of 48 per cent hydrofluoric acid have been 
added (platinum dish). The nitric acid, however, converts some 
of the antimony from the lower to the higher stage of oxidation, 
which must be reduced to the former condition before the separa- 
tion of the antimony from the tin in hydrofluoric acid solution 
with hydrogen sulphide can be effected. After adding concentrated 
sulphuric acid to the solution, evaporating on the water bath and 
heating to moderate fuming on the sand bath for fifteen minutes, 
to expel all nitro-hydrofluoric acid, the cover of the dish is removed, 
a piece of purest sulphur weighing about a gram is dropped in, 
the cover replaced, the acid heated to gentle ebulUtion, and kept 
in this state for half an hour. The reduction to the "-ous" con- 
dition is complete: 

(a) 2H2SO«+S=3S02-h2H20 

(b) Sb206-i-2S02 = Sb20s-|-2SO, 

The lead sulphate is then removed, and the antimony separated 
from the tin according to the direction given in my paper on the 
analyas of tin-antimony alloys^ 

■Jour. Amer. Chem. Soc. V. 32, p. 1241, 1910. 
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When, now, we consider the fact that boiling concentrated sul- 
phuric acid has such a marked solvent action on platinum, the 
question arises, why is it that the antimonious sulphide or, at all 
events, the stannic sulphide, contains no platinimi? I have ex- 
perimented largely in regard to this matter, and have convinced 
myself that it is the reducing action of the sulphur dioxide which 
counteracts the tendency on the part of the hot sulphiiric acid 
to oxidize the platinum. Conroy^ noticed this inhibitive action 
of sulphur dioxide, and he also attributes it to the reducing power 
of the gas. Concentrated sulphmic acid in the presence of excess 
of sulphur can be boiled for hours in a platinum dish, and yet no 
metal will be detected in the acid which remains. After two hours 
of boiling the sulphur globules contain platimmi, but the quantity 
is exceedingly small. Since on cooUng to room temperature they 
stick very fast to the dish, and a nimiber of sharp blows are neces- 
sary to dislodge them, it occurred to me at first that the platinum 
they contain might be a tiny bit torn off mechanically from the 
dish. For reasons given below, however, it is certain that platinum 
is dissolved by the hot acid, but reduced later at the surfaces of 
the globules, where the concentration of the sulphur dioxide is 
a maximum. The reduced metal is then absorbed by the sulphur. 
The surfaces of the globules, even after long standing, are dark 
brown, but the dark coating is extremely thin, for a gentle scratch 
is sufficient to disclose the pure yellow color of the imderlying 
sulphur. When a globule is heated in a porcelain crucible until 
all the sulphur has been expelled, the metal which remains is not 
in the form of Httle black particles, but in the form of either an 
exceedingly thin film or a spongy mass. The residues are insoluble 
in concentrated hydrochloric acid, but slowly and completely 
soluble in a Httle warm aqua regia. When the latter has been 
removed by evaporation on the water bath, and the yellow residue 
dissolved in the smallest possible amoimt of water, the addition 
of ammonium chloride and a few drops of alcohol to the solution 
occasion in time a very small but distinct precipitate of ammonium 
chlorplatinate. The platinum in these solutions, even when they 

>1. c. The inhibitive action of sulphur dioxide had been observed by me 
several months before I read Mr. Conroy's paper. Scheurer-Kestner had 
already observed that acid containing sulphur dioxide has less solvent action 
on the stiUs than acid free from this compound. Compt. Rend. T. 81, p. 892. 
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have been strongly diluted, can be more readily detected by adding 
some stannous chloride solution. The yellow or reddish yellow 
color produced is very characteristic'. In carrying out the experi- 
ments care was taken to have a considerable excess of sulphur 
always present, and if, on long boiling, the globule appeared to 
be markedly reduced in size, the cover of the dish was shoved 
to one side and another piece of sulphur dropped in. In the first 
two experiments I used 1 gram and in the last four 2 grams sulphur. 
The acid was boiled as gently as possible. 





H^O. 


Boiled 


Pt in Globules 


Pt in Acid 


1 


10 cc. 


1 hour 


unweighable 





2 


20 cc. 


1 hour 


unweighable 





3 


30 cc. 


2 hours 


0.0002 g. 





4 


50 cc. 


2 hours 


0.0002 g. 





5 


50 cc. 


6 hours 


0.0002 g. 





6 


50 cc. 


6 hours 


0.0002 g. 






I repeated experiment 4, using about 1| grams of sulphur and 
heating the acid to very brisk boiling. At the end of the two hours 
the globule was reduced to the size of a small pea. It contained 
only 0.0002 g. of platinum, but there was a dark deposit in the dish, 
which proved to be the metal and which weighed 0.0006 g. The 
spots on the bottom of the dish were larger and darker than those 
noticed in the other experiments. Some of them were perfectly 
black. They were composed of finely divided platinum which I 
found could be removed by rubbing the bottom of the dish with 
a small piece of damp filter paper. The residue left on burning 
the paper was dissolved and the solution tested for platinum with 
stannous chloride. I was also able to detect traces of platinimi 
in the filtrate from this deposit. Under these circimiistances, then, 
practically a milligram of platinum was dissolved by the acid, 
only part of which was absorbed by the sulphur. This experiment 
proves that, to protect the platinum, a high concentration of 
sulphur dioxide is necessary, a condition which can only be ful- 
filled by having plenty of sulphur present from the beginning. 

I have found that results ahnost identical with those given in 
the above table are obtained when a current of sulphur dioxide 

'Woehler. Zeit. Chem. Ind. Koll. 1910, B. 7, 243-249. 
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gas is kept bubbling rapidly through the boiling acid^. The sulphur 
dioxide was introduced through a tube of hard glass, passed through 
the opening between the lip of the dish and the glass cover, and 
shoved down until the end under the acid was a few millimeters 
above the bottom of the dish. The passage of the gas was contin- 
tinued during the period of boiling. After removing the flame, 
and permitting the acid to cool down until it was fuming mod- 
erately, the current of SO2 was shut off, the cover removed and 
the whole system left until it had come to room temperature. 
In every case the acid remaining was limpid and colorless. The 
strongly diluted solutions were heated to boiling and the platinum 
precipitated with hydrogen sulphide as platinic sulphide. In 
all cases, however, the weights of the ignited precipitates were 
high. After digesting them with a httle boiling concentrated 
hydrochloric acid for fifteen minutes, and then washing them care- 
fully in the crucible by decantation, the following results were 
obtained: 

HjSO. Boiled Pt in Acid 

50 cc. 1 hour imweighable 

50 cc. 2 hours .0004 g. 

50 cc. 2 hours .0003 g. 

50 cc. 2 hours .0003 g. 

The washings were colorless and gave no reaction for platinum 
with stannous chloride. The purification of the platimmi with 
hot concentrated hydrochloric acid was found to be necessary 
because the weight of the ash of the filter paper used was incor- 
rectly given. A paper which should yield only 0.0001 g. ash, 
gives as much as 0.0003 g. The ash is almost completely soluble 
in concentrated hydrochloric acid, the residue being undoubtedly 
silica. The following experiment would indicate that the results 
are still a trifle high: 50 cc. of the acid, through which a current 
of sulphur dioxide was kept bubbling, were boiled gently for two 
hours in the covered dish. The gas current was then shut off, a 
piece of pure sulphur weighing two grams dropped into the dish 
and the boiling continued for half an hour. The cover was now 
removed, to facihtate the escape of the sulphur dioxide, and the 
'Compare the results of Conroy. 1. c. 
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whole allowed to cool to room temperature. I could detect no 
platinum in the acid, and the sulphur globule contained only 
0.0002 g. The metal dissolved in the first part of the experiment 
seems to have been reduced in the second part at the surface of 
the sulphur, where the concentration of the SO2 is a maximimi, 
and then absorbed by the molten globule. Quennessen* found 
that concentrated sulphuric acid and platinum heated together 
in an evacuated tube to 400 degrees react to a considerably less 
extent than they do when heated freely exposed to the air. He 
concludes that it is the oxygen of the air which occasions this 
increase in the solvent action of the hot acid. The tube when 
opened contained sulphur dioxide, whose presence Del^phine 
accounts for thus: 

2 Pt+7H2S04=^2 Pt (OH) (S04H2)+3SOj+4H20 

He regards the reaction as a reversible one, and calls in question 
the correctness of Quennessen's conclusion. My experiments in 
regard to this matter are in agreement with those of Deldphine. 
If air (oxygen) must be present in order that the boihng acid may 
attack the platinum, then any indifferent gas, such as nitrogen or 
carbon dioxide, should act in a protecting manner. To test this 
point I made two experiments, using a current of carbon dioxide 
in the place of one of sulphur dioxide. The solvent action of the 
boiling acid, however, was not in the least retarded, for in twenty 
minutes it was faintly yellow: 



H,SO. 


Boiled 


Pt in Acid 


50 cc. 


1 hour 


0.0129 g. 


50 cc. 


1 hour 


0.0122 g. 



The inactivity of the boihng acid must be due then to the re- 
ducing action of the sulphur dioxide which in some way counter- 
balances the oxidizing tendency of the hot acid. We may explain 
the matter in this way: 

HsSOi^tsHaO-hSOa 

Assume that at the temperature at which the hot acid coramences 
'I.e. 
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1 

to attack the platinum a very small but appreciable dissociation 
of the anhydride occurs: 

2S03i?2S02+02i 

If we attribute the oxidation of the platinum to this ojcygen, the 
inhibitive action of the sulphur dioxide would consist in its high 
active mass repressing the dissociation of the sulphuric anhydride. 
Conroy' foimd that carbon and arsenious oxide also serve as pro- 
•tectors. The action of the carbon is of covu:se analogous to that 
of sulphur: 

2H2S04+C = 2S02+C02+2H20 

Conroy noticed too that the inhibitive action of the arsenious 
oxide falls off gradually, and such has been my experience. Some 
experiments carried out with varying amounts of arsenious oxide 
and boiling sulphuric acid go to show that this is due to the arsen- 
ious being oxidized to arsenic oxide. For instance, 20 cc. of con- 
centrated sulphuric acid containing 0.5 g. arsenious oxide were 
heated to boiling in the covered platinum dish for one hour. The 
cover was then removed, the flame lowered, and the heating 
continued until most of the acid had been expelled. A portion 
of the diluted residue gave no reaction for platinum with stannous 
chloride. The rest, rendered ammoniacal and treated with mag- 
nesia mixture, yielded a heavy precipitate of ammonium mag- 
nesium arseniate'. Here the oxygen from the dissociated sulphuric 
annhydride is taken up as fast as it is formed by the arsenious 
oxide, thus shielding the platinum: 

As203-f-02^AS206 

The behavior of antimonious oxide is similar. It does not, however, 
protect the platinum as effectively as sulphur dioxide and arsenious 
oxide: 

Sb203 + 02-Sb206 

'Knietsch has shown that, in the contact process, the maximum union of 
SOj and Os (excess) takes place at a temperature of about 425 degrees, but that 
a back action sets in when this temperature is overstepped. Ber. B. 34 (1901), 
4069. When no oxygen is present, other things being equal, one would expect 
the reverse action to set in at an even lower temperature. 

^1. c. 

*When a solution of arsenious oxide in concentrated sulphuric acid is boiled 
for an hour in a covered porcelain dish, no perceptible amount of the oxide is 
converted into arsenic acid. 
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My experimental work then, along with that done by Conroy, 
explains why it is that in the previously mentioned process for 
reducing antimonic to antimonious oxide, in my hydrofluoric acid 
method for separating antimony and tin, no platinum is dissolved. 
And here I should like to state that the process referred to for 
reducing antimonic acid applies equally well to arsenic acid 
solutions. The protecting action of sulphur dioxide naturally 
suggests the possible use of this gas in the preparation of high grade 
acids in the platinum stills. Most of the sulphur dioxide escapes 
as the hot acid cools, and what remains could be expelled by heat- 
ing. Perhaps too, any possible loss of platinum in the parting 
of silver-platinum alloys with boiling concentrated acid could be 
avoided by having a piece of sulphur present from the beginning. 

SUMMARY 

(1) Boiling concentrated sulphuric acid dissolves platinum in 
considerable amoimts. 

(2) Since the platinum dissolves fully as readily when the inter- 
action takes place in a current of an indifferent gas, such as carbon 
dioxide, as it does when the experiment is made in air, the oxygen 
of the latter cannot be concerned in the change. 

(3) The presence of excess of sulphur dioxide, generated by the 
interaction of the hot acid and sulphur or carbon, or introduced 
through a tube into the boiling acid, inhibits almost entirely its 
solvent action. Sufficient arsenious oxide dissolved in the acid 
likewise serves to protect the platinum, and even antimonious 
oxide manifests marked protective powers. 

(4) If we assume that at the temperature of attack there is a 
slight but appreciable dissociation of sulphuric anhydride into 
sulphur dioxide and oxygen, and that it is this oxygen which is 
responsible for the solution of the platinum, the role played by 
the reducing agents would seem to consist (1) in a repression of 
the dissociation of the sulphuric anhydride on account of the high 
concentration of the sulphur dioxide, and (2) in the arsenious and 
antimonious oxides consiuning the oxygen as fast as it is set free, 
arsenic and antimonic oxides being formed. 



THE DETECTION AND ESTIMATION OF EXCEED- 
INGLY MINUTE QUANTITIES OF CARBON DIOXIDE 

By Herbert N. McCoy and Shiro Tashiro 
University of Chicago, Chicago, III. 

The study of carbon dioxide has been so eminently connected 
with various forms of human activity that methods for its ac- 
curate quantitative determination have been highly developed 
in spite of the natural difficulties. Nevertheless, none of the 
various methods of analysis can be used for very minute quan- 
tities of carbon dioxide. The well known titration method of 
Pettenkoffer, later modified by Smith, Schulze, Blochmann, and 
Letts and Blake^ can be used only when the amount of carbon 
dioxide is as great as that contained in a liter of natural air. A 
more delicate method consists in the determination of decrease 
in volume which takes place when the carbon dioxide contained 
in air absorbed in alkali. This method, originally invented by 
von Humboldt in 1797, has been modified and improved by 
Williamson and RusselP, Pettersson, and Palmquist', Sond6n^, 
and finally so perfected by Haldane^ that one can detect as small 
an amount of carbon dioxide as that contained in 15 to 18 cc. of 
natural air. This amount would be about 0.005 cc. of pure carbon 
dioxide or about 10'' gram. 

The development of the method here described was the result 
of the desire on the part of one of us (T) to find a means of de- 
tecting and estimating still smaller quantities of carbon dioxide 
than the minimimi possible by known methods. The other of 
us had worked on several problems* involving the accurate de- 

'A very complete bibliography of the literature up to 1899 is given by 
Letts and Blake, Sci. Proc. Eoy. Dublin Soc, 1899-1903. 
'Jour. Chem. Soe. London S, 238 (1864). 
•Ber. der. deut. Chem. Ges., SO, 2129 (1887). 
'Zeitsehr. Anal. Chem., Se, 593 (1887). 
•Jour, of Hygiene, 1, 109 (1901). 
•McCoy, Amer. Chem. Jour., S9, 437 (1903). 
McCoy and Smith, Jour. Amer. Chem. Soc, SS, 468 (1911). 
McCoy and Test, Ibid., SS, 473 (1911). 
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teimination of carbon dioxide and in the work with Mr. Smith 
had studied the solubility product of barium carbonate. Some 
considerations, based upon a knowledge of this constant, show 
that one ought to be able to detect very much smaller quantities 
of carbon dioxide than is possible by means of any of the methods 
described in the literature. The solubility product of barium 
carbonate was found to be 8.1 x 10"'. This indicates that the 
amoimt of carbon dioxide required to saturate one cc. of decinor- 
mal barium hydroxide with carbonate would be only 3.5 x 10'' 
gram or about the amount contained in 0.005 cc. of natural air. 
If a larger amoimt of carbon dioxide were added to 1 cc. of bariiun 
hydroxide solution it should separate as solid barium carbonate. 
This leads to the conclusion that the failure to detect minute 
quantities of carbon dioxide by means of barium hydroxide is 
not due to the appreciable solubility of the carbonate. Now, it 
is very easy by the aid of a simple lens, to see a white particle 
0.01 mm. in diameter. If the particle were circular and 0.01 mm. 
thick, its volume would be 7 x 10"* cc. and if the substance 
were barium carbonate, of density 4.3, its mass would be 3 x 10"' 
gram. This would represent a little less than 1.0 x 10"' gram of 
carbon dioxide; which is the amoimt contained in about 1/6 cc. 
of natural air. The method here described actually allows us 
not only to detect this very minute quantity of carbon dioxide, 
but also to estimate amounts of this order of magnitude with con- 
siderable accuracy. 

The apparatus, which is made of glass, is shown in the accom- 
panying figure. The bulb has a capacity of about 25 cc; the 
tubes are thick-walled capillari^ of about 1 mm. internal diameter 
excepting the upturned tube inside the bulb, which should be 
rather thin walled, especially at F where it is widened to an in- 
ternal diameter of about 2 mm. It is important that the glass 
of which this latter tube is made should be of such quality that 
it is not readily attacked by barium hydroxide solution. One 
tube of the three-way stop-cock B is connected to a reservoir 
of carbon dioxide-free air^, the other to the gas burette which 

'Air cannot be freed completely from carbon dioxide by passing it through 
wash bottles. In our work, carbon dioxide-free air is prepared by shaking 
air with 20% sodium hydroxide in a tightly stoppered carboy, fitted with 
suitable tubes. When this air is to be used, it is displaced by running in a 
solution of sodium hydroxide. 
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contains the sample of gas to be tested or analysed. One tube of 
the three-way stop-cock E is connected with a bottle containing 
a perfectly clear solution of barium hydroxide of about decinor- 
mal concentration; the other tube is connected to a pump capable 
of giving a vacuum of 25 or 30 mm. of mercury. 

In detection or estimation of carbon dioxide with this appa- 
ratus, about 20 cc. of pure mercury is brought into A and the 
remaining 5 cc. of space filled with carbon dioxide-free air. A 
drop of perfectly clear solution of barium hydroxide is formed 
above the end of the capillary at F. A known volimie of the sam- 
ple gas is then rim into A by withdrawing mercury through D. 
f the sample gas run in is free from carbon dioxide, the drop of 
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barium hydroxide remains clear; but if more than a quite definite 
minimiun amount of carbon dioxide is introduced, a visible de- 
posit of barium carbonate is formed on the surface of the drop. 
The minimmn amount of carbon dioxide which could be detected 
using the apparatus with which the experiments described below 
were made, was very close to 1.0 x 10"' gram. 

The detail of the method of procedure is as follows. The appa- 
ratus is first cleaned and dried and then connected in the manner 
above described. Stop-cocks B and D are closed and the bulb, 
A, evacuated through C and E. Twenty cc. of pure mercury is 
then introduced through D, which is then closed. Pure air, 
completely free from carbon dioxide is then run in through B 
and the evacuation and washing out with pure carbon dioxide- 
free air repeated three or four times, A being left filled above the 
mercury with such air at atmospheric pressure. The stop-cock 
C is then closed and the space between C and E evacuated. Per- 
fectly clear barium hydroxide solution is then rim in through E 
and C until a small drop stands upon the upturned end of the 
capillary at F. It is imperative that this drop of solution should 
be perfectly clear at the start. If no deposit of barimn carbonate 
forms on the surface of the drop within 10 minutes, a portion of 
the sample gas is drawn into A by withdrawing mercury through 
the stop-cock D. The volmne of mercury withdrawn, which may 
readily be determined by weight, gives the volume of the sample 
taken; since the pressure in A and also of the sample in the gas 
burette is kept equal to atmospheric pressure during the transfer. 

One now watches the surface of the drop at F with a lens to 
see whether any formation of barium carbonate occurs within 
ten minutes. In our experiments with the apparatus here de- 
scribed, we have repeatedly introduced accurately known quan- 
tities of carbon dioxide (always highly diluted) into A in the man- 
ner just described and as a result have found, with remarkable 
regularity, that 1.0 x 10"' gram carbon dioxide is the miniTniim 
amount which will cause a formation of barium carbonate within 
a period of 10 minutes. Smaller amounts of carbon dioxide give 
no visible result^; while larger amounts give a deposit more rapidly 

'Since the minimum detectable amount of carbon dioxide, 1.0 x 10-' gram, 
gives a quantity of barium carbonate which is easily seen with ajens; while 
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and in larger quantity. The minimum detectable amount, 
1.0 X 10"' gram is about the amoimt contained in 1/6 cc. of nat- 
ural air, in which we assume 3.0 parts of carbon dioxide in 10000 
by voliune.' 

In order to determine the concentration of the carbon dioxide 
in a sample, one must first find for the apparatus used the min- 
imimi detectable amount of carbon dioxide. One then finds 
by trial the minimum volume of the sample gas necessary to give 
visible formation of barium carbonate. This volimie must, there- 
fore, contain the known detectable amount of carbon dioxide. 

In order to test the accuracy with which an estimate of con- 
centration of carbon dioxide could be made many determinations 
were carried out with samples of air which contained accurately 
known concentrations of carbon dioxide prepared by Dr. F. C. 
Koch.' The experimenter did not learn the concentration of the 
sample until after the analysis had been completed. The con- 
clusion was therefore wholly tmprejudiced. In making up the 
test samples, pure carbon dioxide, made by heating sodium bi- 
carbonate, was diluted with carbon dioxide-free air several times 
in succession, as illustrated by the following example: 5.5 cc. of 
pure carbon dioxide was diluted to 52.0 cc. over mercury and 
thoroughly mixed; 5.5 cc. of the first mixture was again diluted 
to 52.0 cc; 7.1 cc. of the second mixture was diluted to 50.7 cc; 
of this third mixture 5.6 cc. was received from Dr. Koch. We 
diluted this a fourth time to 255.6 cc. to form the mixture to be 
analyzed. The following observations were made: 0.5 cc. intro- 
duced into the apparatus produced no precipitate in 10 minutes; 
0.5 cc more of the same sample gave no precipitate in another 
interval of 10 minutes; 0.5 cc. more (a total of 1.5 cc.) was then 
run into the bulb. In 6 minutes the first evidence of a precip- 
itate appeared on the surface of the drop at F and in 8 minutes the 
precipitate was well developed. Since the amount of carbon 
dioxide required to give a precipitate is 1.0x10'' gram, this 

a smaller amount of carbon dioxide produces no visible result, it seems prob- 
able, in the latter case, that supersaturation must exist and that no solid 
barium carbonate is formed. 

'Letts and Blake, he. Cit. 

'For his valuable assistance in this work, we wish here to express to Dr. 
Koch our best thanks. 
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amount is contained in 1.5 cc. of the sample or 1 cc. contained 
6.7 X 10'* gram, of carbon dioxide. The amomit of carbon dioxide 

5.5x5.5x7.1x5.6 
actually contained in the sample was 52x52x50 7x255 6 ''''•^^•^xlO'* 

gram. In six such determinations, all made with samples the 
concentrations of which were imknown to the experimenter at 
the time of the analysis, the results given in the following table 
were obtained. 



Volume of sample required 


to 


Weight of Carbon 


dioxide in one cc. 


give a precipitate 


Found 


Taken 


1.0 cc. 




1.0 X 


10"' gram 


0.92 X 10'' gram 


0.5 




2.0 




2.3 


0.55 




1.82 




1.83 


1.5 




0.67 




0.62 


2.25 




0.45 




0.45 



Since one cc. of natvu'al air contains 5.4 x 10'' gram of carbon 
dioxide, it will be seen that each sample in the above table con- 
tains considerably less carbon dioxide than natural air. 

The application of this method for biological purposes has 
been made by one of us (T) and will be described in the Bio- 
Chemical section of this Congress. 



A NEW METHOD OF TITRATION OF ARSENIC ACID 

By Alan W. C. Menzies and Paul D. Potter 
University of Chicago 

It is well known that arsenic acid, when titrated with sodium 
hydroxide, appears to act as a dibasic or as a monobasic acid 
according as the indicator is phenolphthalein or methyl orange, 
the latter indicator being the more sensitive towards hydroxyl ion. 
In neither case, however, is the endpoint as sharp as could be de- 
sired; so that an accuracy of one part in 300 can be attained only 
by the help of good light, a comparison tint, patience and practice. 
In these circumstances, and as many titrations of arsenic acid 
were in prospect, it seemed desirable to cast about for possible 
improvements in the method. 

Since both the too early appearance and the indistinctness of 
the secondary endpoint are due to the feebleness of the ionization 
HsAs04-»H"'"-|-HAs04, it was evident that matters could be 
improved by replacing the acid H"*" — HASO4' by a strong acid such 
as hydrogen chloride. Reference to the literature showed that 
BaHAs04 is very little soluble, so that such replacement promised 
to be fairly complete if sufficient barimn chloride were added to 
the solution. Other circumstances favoring the use of this pre- 
cipitant were the high degree of ionization of barium hydroxide 
and the obvious impossibility of a concentration of HASO4 ion 
approaching that required to yield a H"'"ion concentration that 
should prejudice the turning pink of phenolphthalein. 

Preliminary experiments, in which solution of barium chloride 
was first added to the arsenic acid, having shown a marked sharpen- 
ing of the endpoint with phenolphthalein, plans were made for a 
more careful study of the best conditions for titration. For this 
purpose two solutions were prepared: one containing 37.010 grams 
of arsenic acid (H3ASO4) per liter, and the other contamuig enough 
barium chloride to yield a solution saturated with respect to 
BaCb, 2H2O at a temperature a trifle below that of the room. 
Of the latter solution 10 cc. is a little more than is necessary to 
form BaHAs04 with the arsenic acid in 50 cc. of the former solu- 
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tion. The following data were obtained using a sodium hydroxide 
solution with a normality factor of 0.6513 as determined against 
Iceland spar weighed in air. 

TABLE I 



No. 


C.C. 
Solution 


C.C. 

BaCl. 

Solution 


Total Volume 
In C.C. 


C.C. 

NaOH 

Solution 


I 


50 


10 


250 


39.99 


II 


50 


10 


250 


39.96 


III 


50 


30 


250 


39.95 


IV 


50 


30 


250 


39.97 


V 


50 


30 


250 


39.94 


VI 


50 


30 


250 


39.95 


VII 


50 


30 


250 


44.14 


Vila 


50 


15 


250 


39.95 


Vllb 


50 


15 


250 


39.99 



The calculated nxunber of cc. of the above alkali which should 
be required for 50 cc. of the solution of arsenic acid regarded as a 
dibasic acid is 39.95. 

The endpoints of the titrations in experiments I and II were far 
inferior in sharpness to those in experiments III-VI and VII (a) 
and (b), in which latter groups, according to the principle of the 
solubility product, the precipitation process was more complete 
by reason of the very much higher concentration of Ba ■*" "*" ion 
furnished by the excess of barium chloride beyond the required 
ten cc. Little difference in sharpness of endpoint could be dis- 
tinguished between III-VI and VII (a) and (b). 

The course of the titrations I-VI was somewhat as follows: 
The first drops of alkali added to the solution of arsenic acid, bar- 
ium chloride, and phenolphthalein caused a local pink coloration 
and an amorphous curdy precipitate, both of which disappeared on 
stirring. After suflBcient alkali had been added to neutralize the 
primary hydrogen, the redissolving of the curdy precipitate, which 
is probably tertiary barium arsenate, became slower. Since 
secondary barium arsenate, BaHAs04, is highly insoluble, the 
solution at this stage is obviously supersaturated with respect to 
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this salt. This can be shown very clearly when, for example, 
half as much alkali has been added as would be necessary to neu- 
tralize the arsenic acid regarded as tribasic; for, at this stage, if 
the walls of the beaker be scratched below the surface of the clear 
solution, a copious crystalline white precipitate results that 
makes the liquor appear silky when stirred. This precipitate 
increases in quantity until the endpoint is reached at 39.9 cc. 

When care was taken to stir the liquid only very gently and to 
avoid scratching the walls of the beaker, results Like that shown 
in experiment VII could occasionally be obtained. In such cases 
the formation of insoluble BaHAs04 had apparently been delayed 
until more than 39.9 cc. of alkali had been run in. In order to 
test this point, a few titrations were carried out otherwise as 
before but with a total volume of 500 cc. instead of 250 cc. This 
dilution, by reducing the concentration of both Ba ■*■ ■•■ and 
HAsO/' to about one-half, should reduce the degree of supersatura- 
tion with respect to BaHAsOi to about one-fourth. Under these 
conditions it was easy to avoid the precipitation of any BaHAsOi 
as the following examples show: 







TABLE II 




No. 


CC. 

Solution 


C.C. 

BaCl. 

Solution 


Volume in 
C.C. 


CC. 

NaOH 

Solution 


VIII 

IX 

X 


50 
60 
50 


30 
30 
10 


500 
500 
500 


59.99 
59.81 
40.08 



In experiment X, crystals of BaHAs04 were added as seed after 
about 30 cc. of alkali had been run in. 

It is mteresting to find the endpoints in experiments VIII and 
IX so close to that calculated for a tribasic acid (59.92 cc). The 
presence of so large an excess of barium chloride is evidently effec- 
tive in repressing hydrolysis. It is perfectly possible to obtain a 
good endpoint as for a tribasic acid even at the dilution of 250 cc, 
provided about 58 cc. of alkali is run in rapidly. In this way the 
stage at which the ion HASO4' is at high concentration, namely 
when about 40 cc. of alkali have been added, is passed over very 
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rapidly. If stirring is avoided, also, much of the arsenic, which, 
at this stage, would be present as HAsOi if opportunity for equilib- 
rixun were allowed, is actually present as insoluble Ba3(As04)2, 
locally precipitated. After 58 cc. of alkali have been added, 
stirring is unlikely to yield a precipitate of BaHAs04, for the 
HASO4' ion is now again at low concentration; and the well-stirred 
white liquor may be turned pink at the endpoint by the addition 
of a single drop of alkali. For solutions of which the arsenic acid 
content is not known approximately beforehand, however, titration 
as for the tertiary endpoint is plainly too uncertain to be service- 
able for scientific work. 

It should, perhaps, be pointed out that once the crystalline 
BaHAs04 has formed, the solution remains permanently pink for 
any additions of alkah beyond 39.9 cc; for, as long as this salt is 
present, the (fixed) concentration of its ion HASO4' governs the 
concentration of the hydrogen ion possible, and this is sufficiently 
low to admit of a high enough concentration of hydroxyl ion to 
affect phenolphthalein. 

The Best Procedure. — A sufficiently large sample of arsenic 
acid should be used to require, as a dibasic acid, between 30 and 
40 cc. of normal alkali. Fifteen cc. of saturated barium chloride 
solution are added, the liquid diluted to 250 cc, boiled 15 minutes 
to remove carbon dioxide, cooled and titrated with phenolphthalein 
as indicator. The alkali, which may profitably contain barium 
hydroxide to insure absence of soluble carbonate, is added with 
stirring tmtil the locally formed precipitate becomes slow in redis- 
solving. The walls of the vessel are now, if necessary, scratched 
below the surface of the clear solution imtil the liquid, on stirring, 
appears lustrous with fine crystals, after which the titration is 
completed. The lustrous crystals and final pink color make the 
titration resemble that of the Zimmermann-Reinhardt method for 
iron. 

The degree of concordance between duplicate determinations 
was well shown by the results of nineteen analyses, each made ne 
duplicate, the two members of which showed an average divergenic 
from each other by one part in 1500. 

Instead of basing the calculation of results upon the acidimetric 
factor of the alkaU employed, it may perhaps be more convenient 
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to determine the titer of the alkali against solutions containing 
knovra weights of arsenic acid. These may be prepared in any one 
of three ways: (1) by oxidizing known weights of pure arsenic 
trioxide by nitric acid, and evaporating off the excess of the 
reagent below 200; (2) by synthesis from the 3-5 hydrate, the 
preparation of which will be given in a future publication; (3) by 
synthesis from arsenic pentoxide prepared as indicated elsewhere 
in these Proceedings. 

In view of the satisfactory character of the endpoint of this 
titration, of the possibility of easy synthetical preparation of solu- 
tions of arsenic acid of accurately known concentration, and of the 
opportunity of simply relating this alkalimetric solution, through 
arsenious acid, to oxidimetric solutions, it appears likely that 
this titration could be profitably employed for the original stand- 
ardization of alkalies. The subject will receive further investiga- 
tion with this in view. 

This work was carried out in the Kent Chemical Laboratory of 
the University of Chicago. 



NOTE SUR LE DOSAGE DE L'ETAIN DANS 
SES MINERAIS 

Presentee par H. Milou et R. Fouret 
Houlgate (Calvados), France 

L'Etain est un m^tal d'un prix 61ev6. II serait done naturel 
d'exiger des m^thodes de dosage de retain dans ses minerals une 
grande precision. Or, dans la pratique commerciale, il n'en est 
rien. II est admis couramment qu'une difference de 0,8 ^ 1% entre 
les r^sultats de I'analyse du vendeur et celle de I'acheteur est 
n^gligeable. Et il n'est pas rare que sur le m^me ^chantillon diff^r- 
ents chimistes trouvent des teneurs variant de 2 S, 3 et m^me k 5 
unites pour cent. 

II nous a done paru int^ressant d'6tudier les difif^rentes m6thodes 
de dosage de I'^tain employees dans les laboratoires et d'indiquer 
la m6thode qui, d'apr^s nous, donne les meilleurs r^sultats. 

Les minerals d'6tain sont constitu6s par de la cassit6rite Sn02 
(avec parfois des traces de stannine SnFeCujSj) m^lang^e k une 
gangue de composition variable. La teneur en 6tain des minerals 
trait^s en fonderie varie de 30 k 75%. 

Nous distinguerons dans le dosage de I'^tain dans ses minerals 2 
parties: 

I.- ladfeagr^gationdunainerai; 

II.- le dosage de retain dans le produit de la dfeagr^gation. 

I, — Disagr&gaticm du Mineral 

Les m^thodes de d6sagr6gation des minerals d'^tain peuvent 
Stre divis^es en deux categories : 

1° celles bashes sur la reduction de la eassit6rite pour obtenir 
de retain metallique; 

2° celles bashes sur la salification de la cassiterite, en profitant de 
la fonetion acide de I'oxyde stannique. 

1° Methodes bashes sur la reduction de la cassit6rite. 

Les reductetirs employes sont: le charbon, I'hydrogene ou le gaz 
d'edairage, le zinc et le cyanure de potassium. 

373 
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(a) Ridudion -par le charbon. C'est la m^thode des Cornouailles. 
Levol' et Moissenet'' I'ont 6tudi6e; elle est longuement d^crite par 
M' Beringer': 

80 grammes de mineral sont m61ang6s avec 15 gr. 5 d'anthracite 
en poudre et fondus dans vin creuset Morgan. La temperature et 
la dur^e de la fusion doivent varier suivant la quality du mineral et 
quand le mineral est fortement siliceux, il est n^cessaire de rendre 
la scorie plus fluide en ajoutant du mineral de fer, du spath-fluor ou 
du borax. On joint au culot d'^tain obtenu les grains de m^tal 
extraits par broyage et tamisage de la scorie et les particules d'etain 
obtenus par Mvigation de la poussi^re provenant du tamisage. 

line variante de cette m^thode consiste k fondre 10 gr. de mineral 
melanges &, 5 gr. de carbonate de sonde dans im creuset (Cornish 
refining crucible — forme Julepp 49 round) brasqu4 avec un m61ange 
de charbon et d'amldon. 

(b) R&dvction par I'hydrogene ou le gaz d'eclairage. Ce proc6d6 
du k Hampe^ est d^crit dans tons ses details par M"" L. Parry*: 5 gr. 
de mineral sont attaqufe par I'eau regale, laves, s6ch^s et calcines. 
On les met dans une nacelle plac^e dans un tube parcouru par un 
courant d'hydrogSne ou de gaz d'eclairage; on porte la temperature 
au rouge sombre. L'op^ration diu'e deux heures. (Quand Ton se 
sert du gaz d'eclairage comme reducteur, 11 est necessalre de faire 
barboter les gaz degages dans un peu d'eau car les composes sul- 
f ures du gaz f orment un peu de sulf ure d'etain volatll) . On obtient 
ainsi retain k I'etat de particules metalllques dlsseminees dans la 
gangue. 

Si la pratique de cette methode est delicate, elle presente I'avan- 
tage de permettre k un seul operateur de mener de front 7 ou 8 
operations. 

Mr. J. H. Collins* a indique devant 1' " Institution of Mining and 

Metallurgy" en mai 1904 ime methode de reduction par Thydro- 

gene naissant. Elle consiste k traiter dans un becher un demi- 

gramme de minerai finement pulverise par 20 cc d'acide sulfurique 

au 1/5^ et 2 gr. de zinc pur, pendant douze heures. 

lAnnales de chimie et de physique (3, t XLIX), page 87. 

^Comptes rendus t LIj page 205. 

'Text book of Analysis, page 278. 

'Chemiker Zeitung — 1887, 11-19. 

»The Assay of Tin and Antimony, page 34. 

"Trans. Inst. Min. and Met., May, 1904. 
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(c) Ridudion par U zinc. Cette m^thode est pr^conis^e par Mr. 
Beringer'. EUe repose sur la reaction suivante: Sn02 -^ 2Zn= 
2Zn -i- Sn. 

II est n6cessaire, pour faciliter les operations subs^quentes que 
la masse reste pulv^rulente aprSs la reduction. On obtient ce rdsul- 
tat en ajoutant une partie d'oxyde de zinc pour deux parties de zinc 
et une partie et demie de mineral porphyris6. La temperature doit 
6tre maintenue pendant 10 minutes aussi 61ev6e que le chalumeau 
gaz-air le permet. La reduction s'effectue g6neralement dans des 
creusets de Berlin de 15 cc de capacity. 

(d) RMucUon par le cyanure de potassium. Cette m6thode est la 
plus g^n^ralement employee en France pour les analyses d'achat de 
minerals. Les essayeurs du commerce la pratiquent alnsi : 5 gr. de 
mineral pass^ au tamis 250 sont traltfe par 25 cc d'acide azotique 
et 50 cc d'acide chlorhydrique 4 l'6bullition. L'attaque dure envi- 
ron une demi-heure. 

Aprfes filtration, I'insoluble est lav^, s^ch^ et calcine. On melange 
le produit de la calcination avec 15 gr. de cyanure de potassium 
r^cemment broy^; on met le tout dans un creuset en terre de Paris 
No. 8 sous une couverture de 10 gr. de cyanure de potassium. On 
porte le creuset dans un four k coke. En dix minutes, on am^ne la 
temperature au rouge vif, on la malntient ainsi 5 minutes. On re- 
tire le creuset du four. On le laisse refroidir, puis on le brise. On a 

1 bouton d'un poids p. On admet que - — = = teneur en etain 

pour cent du mineral essaye. 

(Certains chimistes ayant remarque que la presence de tungstdne, 
d'acide titanqiue ou d'une grande quantite de silice g^nalt la reduc- 
tion de la cassiterite par le cyanure de potassium ont fait suivre 
l'attaque k I'eau regale de differentes operations: 

(a) Elimination du tungstme. Par l'attaque k I'eau regale, le 
wolfram et la scheelite ont ete transformes en acide tungstique 
(WOs) insoluble. Apr^s filtration et lavage du residu de l'attaque 
k I'eau regale, I'acide tungstique est extrait par une digestion avec 
de I'ammoniaque ou une liqueur de carbonate d'ammoniaque. 

(/8) Elimination de Vadde titanigue. Dans le cas de presence de 
titane en quantite gfinante, une fusion avec du bisulfate de potas- 
sium s'impose; ensuite, reprise par I'eau glacee. 

'Text book of Analysis, page 285. 
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(y) Elimination de la silice. Attaque k I'acide fluorhydrique 
suivie d'une Evaporation. 

— Le bouton d'^tain obtenu contient toujours du fer en plus ou 
moins grande quantity, et du plomb, du cuivre, de I'antimoine, de 
I'arsenic, quand il n'a pas 6t6 possible de les Eliminer en totality 
lors de I'attaque k I'eau regale. Ces impuretfe sont r^put^es com- 
penser les pertes provenant de la dissolution dans I'eau regale de 
retain present dans le mineral k I'Etat de stannine et celles prov- 
enant de la combinaison d'une certaine quantity d'oxyde d'Etain 
avec I'alcali que contient toujoiu's le cyanure de potassium. 

Nous avons longtemps employ^ cette m^thode qui a le m^rite 
d'^rte rapide; nous avons dt Tabandonner parce que, si dans le cas 
d'un mineral relativement pur, elle donne des r^sultats II pen prfes 
exacts; quand il s'agit d'un minerai riche en impuretfe, les r6sultats 
obtenus sont d6plorables. 

Nous avons remarqu6 que certaines vari^t^s de minerals sem- 
blent renfermer I'antimoine, I'arsenic et le plomb en combinaison 
intime avec I'oxyde d'^tain sous une forme rfeistant k Taction de 
I'eau regale. 

Nous indiquons ci-dessous les r&ultats obtenus par cette mE- 
thode avec deux minerals: 

I.- Pris 5 gr. de minerai. Ataaque pr^alable k I'eau regale. 
Fusion au cyanure de potassimn. 

Poids du bouton d'6tain r btenu : 2 gr. 435; 

d'oii: teneur en 6tain du minerai: — = 48,7 %. 

L'analyse du bouton a donnE les r&ultats suivants : 
Impuret^s contenues: fer: 0*'0510 

plomb: 0, 0094 

cuivre: 0, 0024 
antimoine: 0, 0510 



total: 0, 1138 
Ce qui correspond k "'^^38 >< 100 ^ 2,276%. 

La teneur corrigEe devenait 48,7 - 2,276 = 46,424%. 
IL- Pris 5 gr. de minerai. Attaque pr^alable k I'eau r6gale. 
Fusion au cyanure de potassium. 
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Cyanure Chanut Cyanure Merck 

Etain % 51,30 51,76 

51,34 51,70 

De ces r&ultats, nous tirons la conclusion que m^me comme 
methode de d^sagr^gation des minerals d'6tain, la m^thode de 
reduction au cyanure de potassium n'est pas recommandable. 

Remarque. Les quatre m^thodes de d&agrdgation des minerais 
d'^tain d^crites ci-dessus ont un d^faut commun: La reduction du 
mineral laisse une gangue dont I'aspect seul ne permet pas de recon- 
nattre si elle contient encore de la cassit^rite. II n'y a done pas de 
contr61e imm6diat possible. 

2°- Mdthodes bashes sur la salification de la cassit^rite. 

Les r^actifs employes la plus fr^queniment sont: la soude caus- 
tique; lebioxyde de sodium; le mdlange des carbonates de potas- 
sium et de sodiimi et le foie de soufre ou I'hyposulfite de sodium. 

(a) Salijication par la soude. M. M. Pearce et Low^ recomman- 
dent cette methode. La reaction peut-etre representee par : Sn02— 
2 NaOH = SnOa, Na^O -f- H2O. 

La fusion se fait au rouge sombre dans un creuset d'argent, de 
nickel, ou plus simplement de fer. L'eau d'hydratation que con- 
tient toujours la soude se d6gage k I'^tat de vapeur au d^but de la 
fusion et occasionne parfois des projections. II est assez difficile 
d'obtenir un melange intime du mineral et du fondant. Toutefois, 
en operant avec soin, les r^sultats obtenus par cette methode sont 
tr^s satisfaisants. 

(b) Salification par le bioxyde de sodium. Cette mdthode est, 
elle aussi, preconis^e par Mr. Low.^ La reaction est la suivante: 
SnOa -r NaaOa = SnOa, Na^O -f- 0. On emploie le m^me materiel 
que pour la fusion avec la soude, mais I'attaque de la capsule est plus 
energique. La pratique journalidre de la methode nous a prouv6 
que pour une fusion de 2 gr. de mineral avec 20 gr. de bioxyde de 
sodium — operation qui demande vingt minutes — il y a attaque 
de 1 gr. 4 de la capsule d'acier doux. La salification par le bioxyde 
de sodiiun pr6sente sur la salification par la soude I'avantage que le 
r^actif 6tant en poudre, il peut-etre melange intimement avec le 

'Technical Methods of Ore analysis, 2' Edition, page 185. 
^Technical Methods of Ore analysis, 2' Edition, page 188. 
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minerai. Quand Ton a soin de ne pas d6passer la temperature du 
rouge sombre, les pertes par projections sont impossibles. 

(c) Salification par le mSUmge des carbonates de potassium et de 
sodium. La reaction est: SnOj -f C08X2 = SnOjXjO 4- CO2, X 
6tant K ou Na. 

Le melange de minerai et des carbonates alcalins est mis dans un 
creuset de platine, chauff4 graduellement jusqu'au rouge vif que 
Ton maintient dix minutes. Quand le minerai n'est pas parfaite- 
ment porphyris^, I'attaque est souvent incomplete. 

(d) Salifixation par lefoie de soufre, ou par I'hyposulfite de sodium. 
Le fondant est un melange k poids ig&ux de carbonate de sonde et 
de soufre ou bien de I'hyposulfite de sonde pr6alablement dessdchd. 
On a: SnOs -h2 COsNaz -1- (6 H- n)S = SnSj, Na^S -^ 2COs -^ 2SO2 
-^ NajSn. 

La fusion s'effectue dans un creuset de porcelaine. Elle doit 
6tre conduite de deux fagons diff^rentes, selon que Ton veut ou non 
attaquer la gangue siliceuse. Dans le 1°"' cas, il faut chauffer 
progressivement jusqu'au rouge sombre; dans le 2° cas, le plus 
frequent, il faut chauffer seulement de fagon k maintenir la masse 
fondue. Du reste, cette fusion est tr^s delicate et souvent il s'est 
d6j&, form6 du silicate de soude alors qu'il reste encore de la 
cassit6rite non attaqu6e. 

Nous avons remarqu^ que la presence d'acide titanique, m&ne 
en petites quantity (1 ^ 2%) emp^che la salification complete de 
la cassit^rite par le foie de soufre. Dans le cas de presence de rutile 
dans le minerai d'^tain, il est done n^cessaire, avant de fondre le 
minerai avec le foie de soufre, d'61iminer I'acide titanique par fusion 
avec le bisulfate de potassium et reprise par I'eau glac6e. 

Remarques—Les quatre m6thodes de salification d6crites ci-dessus 
exigent une porphyrisation aussi fine que possible du minerai. 
L'attaque pr^alable du minerai par I'eau regale n'est indispensable 
que pour la m^thode de salification par le melange des carbonates 
et pour la m6thode de salification par le foie de soufre. 

Le minerai ayant 6t^ d^sagr^g^ soit par reduction, soit par salifi- 
cation, il s'agit maintenant de doser retain dans le produit de cette 
d^agr^gation. 
II.- Dosage de I'itain dans le produit de la desagregation du minerai. 

Avant d'^tudier les diff6rentes m^thodes susceptibles d'etre 
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appliqu6es au dosage de I'^tain, il nous paralt int^ressant de rap- 
peler certaines propri6t6s de retain et de quelques-uns de ses sels. 

L'Etain est un mdtal blanc, gris clair, tr^s malleable. II est solu- 
ble dans I'acide chlorhydrique en donnant au chlorure stanneux 
SnCU. L'attaque par I'acide chlorhydrique est beaucoup plus 
rapide quand I'^tain n'est pas pur mais contient 1% d'impuretfe 
comme I'antimoine ou I'arsenic. La solution de chlorure stanneux 
est facilement oxydable; au simple contact de I'air, elle donne du 
chlorure stannique SnCU. Les oxydants: iode, perchlorure de fer, 
perchlorure de cuivre, permanganate de potassium et bichromate 
de potassiiun opSrent tr^s ais^ment cette transformation. 

Nous faisons remarquer que quand Ton porte k I'^bullition une 
solution chlorhydrique de chlorure stanneux ou de chlorure stan- 
nique, il y a entralnement de chlorure d'^tain dans les vapeurs qui se 
d^gagent; il est done n6cessaire de les condenser. L'entrainement 
de chlorure d'^tain dans les vapeurs est d'autant plus fort que la 
proportion d'acide libre dans la solution est plus grande. Quand 
Ton 6vapore ime solution de chlorure stanneux ou une solution de 
chlorure staimique, en ayant soin de maintenir la temp6ratiu-e 
aussi douce que possible, la perte de chlorure d'^tain par entralne- 
ment est faible avec le chlorure stanneux et k peine appreciable 
avec le chlorure stannique. Elle est nuUe si Ton prend la precau- 
tion d'ajouter k la solution chlorhydrique de chlorure stannique im 
peu d'acide sulfurique. 

L'hydrogdne sulfm6 donne avec ime solution de chlorure stan- 
neux un pr6cipit6 brun de suKure stanneux SnS et avec une solution 
de chlorure stannique un pr^cipite jaune de sulfmre stannique SnS2. 
En liqueur oxalique, la precipitation par I'hydrog^ne sulfur^ n'a 
pas lieu avec le chlorm-e stannique mais se produit avec le chlorure 
stanneux (Clarke). 

Le sulfure stannique SnSa est seul soluble dans les sulfures 
alcalins. 

Les stannates et les sulfostannates sont solubles dans I'eau. 
L'addition d'acide chlorhydrique k une de leurs solutions produit, 
suivant le cas, un pr^cipite d'hydrate ou de sulfure toujours soluble 
dans un exces d'acide. Aussi, peut-on verifier rapidement si les 
attaques d'un mineral d'etain par salification sont completes. La 
reprise par I'eau et I'acide chlorhydrique doit mettre tout en solu- 
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tion; il ne doit pas tester de r^sidu lourd. Parfois, il se forme des 
flocons de silice; mais la confusion n'est pas possible. 

Le sulfure stanneux et le sulfure stannique, grille, donnent de 
I'oxyde d'^tain SnOa; les diff^rentes hydrates de I'oxyde stannique, 
calcines, donnent le mfime compost SnOa. 

Le dosage de retain peut s'effectuer soit par des m^thodes gravi- 
m^triques, soit par des m^thodes volum^triques. Nous allons 
6tudier les diff^rentes m6thodes pr6conis6es pour ce dosage. 

1°- MHhodes gramm^trigues. 

(a) Pes6e de retain obtenu lors de la reduction du mineral par 
le charbon ou le cyanure de potassium. M6thode trSs rapide, mais 
peu precise comme nous I'avons montr6 lors de I'^tude du proc6d6 
de reduction au cyanure de potassium. Son emploi n'est justifi6 
que lorsqu'il s'agit de comparer les teneurs de minerais de mSme 
quality. 

(b) D6p6t par le zinc. On opSre sur la solution chlorhydrique 
provenant de I'attaque du produit des diff6rentes m6thodes de 
d^sagr^gation. On r^unit k cette liqueur, quand il y a lieu, celle 
provenant de la purification pr6alable du mineral. On pr6cipite 
I'arsenic, I'antimoine et le cuivre sur une lame de fer. De la liqueur 
d6barrass6e des impuretfe on extrait I'^tain au moyen d'une lame 
de zinc. L'^ponge m6talllque obtenue est fondue avec du cyanure 
de potassium; le bouton est pes6. Cette m6thode, assez rapide, ne 
donne pratiquement que de mauvais r^sultats. 

(c) I)6p6t par Electrolyse. Le dosage Electrolytique de retain a 
6t6 6tudl6 par Classen^ parfois en collaboration avec Reis'' ou avec 
Schelle* par Mr. Henz* et par MM. HoUard et Bertiaux^ Ce 
dosage se fait en solution chlorhydrique (10%) et oxallque (10%) 
avec une intensity de courant de 1 ampere. On obtient ainsl des 
r&ultats tr6s pr6cis; mais 11 faut Elimlner au prEalable I'arsenic, 
I'antimoine, le fer et les sels de sodium quand lis sont en grande 
quantity. On se d^barrasse de I'arsenic et de I'antimoine par la 
m^thode de Clarke (precipitation par HaS en liqueur oxalique). 
Aprfes avoir chassE HjS par EbuDition, on amfene la liqueur k la 
concentration voulue. 

r "Quantit. Anal, durch Electrolyse, 3® edit., page 104. 
ll»D.Chem.G.,i4, 1628. 
I 'D. Chem. G., «i, 2897. 

•Zeitschrift f . Anorg. Chemie, 37, 39 (1902). 

•Analyse des m^taux par Electrolyse, page 68. 
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Cette m^thode pr^sente deux inconvdnients: elle est d'un emploi 
trop d^licat et d'un rendement trop faible pour un laboratoire 
industriel. 

(d) Pes6e a l'6tat d'oxyde stannique. La precipitation de retain 
peut-etre faite k I'^tat d'hydroxyde ou k I'^tat de sulfure. Le 
premier proc6d6 a 6t6 6tudi6 par Goldschmidt,* Loewenthal^ et 
Rose;' le second par Barford/ Th. Scheerer/ Bunsen* et Mr. 
Henz.' Dans ces deux proc4d&, il faut sdparer compl^tement 
retain de toutes les impuretfe qui I'accompagnent, ce qui, pratique- 
ment, est irr^alisable. 

2° — Methodes VolumHriques. Sont bashes sur la transformation 
du chlorure stanneux SnCla en chlorure stannique SnCl4 sous 
I'influence de certains agents d'oxydation. 

L'etain peut-^tre amen6 k I'^tat de chlorure stanneux de deux 
fagons: 

(a) par reduction d'lme liqueur par le fer en lame ou en limaille 
par le nickel (M. Beringer) ou par I'antimoine (MM. Brearley et 
Ibbotson). L'inconv6nient de ce proc6d6 est que rien ne permet de 
s'assurer que la reduction est totale. 

(^) par dissolution de retain en atmosphere de gaz carbonique 
(CO2). Ce precede est tres s<ir, permet d'obtenir un volimie de 
liqueur aussi faible que possible et un refroidissement rapide de 
cette liqueur. 

— Les methodes volum6triques de dosage de l'6tain peuvent ^tre 
divis6es en 2 groupes, suivant que le dosage est fait k chaud ou k 
froid. 

(a) Dosage volum6trique k chaud. Pent s'effectuer par le 
chlorure ferrique (FeCls) oule chlorure cuivrique (CuCy. MM. 
Parry et Hocking ont 6tudi6 dans ses details le dosage par FeCls; 
Strohmeyer* a 6tudi6 le dosage par CuClz. 

Dans les deux cas, la mani^re d'op6rer est k peu prfe la meme: 

La liqueur de chlorure stanneux doit contenir 50% d'acide Ubre 

'Dinglers polytechn Journ., t CLXII, page 76. 
^Journ. f . Prakt. Chemie, LVI, page 366. 
'Poggend. Ann., CXII, page 164. 
*Zeitschrift f . Analat. Ch., VII, page 260. 
'Journ. P. Prakt. Chemie, N.F. Ill, page 472. 
"Ann. der Chemie mid Pharm., CVI, page 13. 
'Zeits. f. Anorg. Chemie, XXXVII, page 39 (1903). 
sAnn der Chemie und Pharm., CCXVII, page 261. 
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(en volume). Sa temperature doit 6tre aussi voisine que possible 
de r^bullition. On y verse k I'aide d'une burette la liqueur titr6e 
(FeCls ou CuCU) qui est fortement color6e. Quand I'oxydation est 
termin^e, la premiere goutte de liqueiu- titr^e ajout^e en excSs pro- 
duit imm^diatement dans la liqueur une coloration jaune. 

(b) Dosage volimi^trique k froid. Peut s'effectuer par I'iode, le 
permanganate de potassium, ou par le bichromate de potassium. 

Le proc6d6 de dosage par I'iode pr6sente les avantages suivants: 
grfi.ce k I'usage d'empois d'amidon, le virage est d'une nettet6 in- 
comparable; enfin, la teneur en acide de la liqueur peut varier dans 
de trfes larges limites sans gSner en rien le virage. Nous signalons 
que, contrairement k ce que Ton pourrait croire, la presence de 
plomb, mSme en grande quantity ne g6ne pas le dosage k I'iode. 
II se forme de I'iodure de plomb Pblj aux d6pens de I'iodure de 
potassiiun que contient la liqueiir d'iode. Nous devons signaler 
que Lenssen^ a recommand6 le dosage par I'iode en solution alcaline 
et que Crismer' a indiqu6 un dosage par le bichromate et I'iodure 
de potassium qui est en r6alit6 un dosage par I'iode. 

— Le proc6d6 de dosage par le permanganate de potassium 4tudi6 
par JoUes' est d'un emploi connode et donne vm birage trfe net; 
mais il peut occasionner des erreurs lorsque les conditions d'acidit6 
changent. 

— Le proc6d6 de dosage par le bichromate de potassium est peu 
employ^, car le virage est difficile k saisir. 

AprSs avoir 6tudi6 les diff6rentes m^thodes de d6sagr6gation des 
minerais d'6tain et les diff^rentes proc6d6s de dosage de retain 
dans le produit de cette d6sagr6gation, nous donnons ci-dessous les 
details de la m6thode employee dans le laboratoire de I'usine de 
Dives pour le dosage de retain dans ses minerais. 

Methode de dosage emphyi a Dives 

Le mineral est porphyris6 au mortier d'agate. 2 gr. de mineral 
sent melanges avec 20 gr. de bioxyde de sodium et mis dans une 
capsule de t61e d'acier doux. (Le diam^tre de la capsule est de 60 
m/m; son ^paisseur de 2,5 m/m). La fusion, men6e avec pr6cau- 

'Journal f. Prakt Chemie LXXVIII and Ann. der Chemie und Pharm., 
CXIV, 113. 

'D. Chem. G.,17, 646 et BuUetin de la S*^ Chimique (2) U, 518. 

'Chemik. Zeit., 1^, 597. 
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tion, est maintenue pendant 20 minutes. On laisse refroidir 
quelque temps. La capsule est mise dans un b^cher de 500 cc. avec 
150 cc. d'eau. On recouvre le b^cher d'un verre de montre, car 
I'hydratation est vive. Lorsque la reaction devient plus lente, on 
ajoute peu k peu 70 cc. d'acide chlorhydrique k 23° B^. Une fois 
I'attaque de la masse fondue terminde, on retire la capsule et la 
lave k fond k I'aide d'un agitateur muni d'un bout de caoutchouc 
et du jet d'une pissette. Si la dfeagr^gation du mineral par 
1^3^02 a 6t6 totale, il ne doit pas se trouver au fond de al liqueur 
de parties insoluble dense. 

Dans la liqueur port^e k la temperature de 90°, Ton ajoute 4 gr. 
de limaille de fer pour pr6cipiter I'arsenic, I'antimoine et le cuivre 
et pour r^duire SnCU en SnCl2. L'opdration dure environ une demi- 
hexu-e. Ensuite; la liqueur est filtr^e sm* papier Berz^lius et regue 
dans un erlenmeyer de 500 cc; le filtre est rinc6 plusieurs fois a 
I'eau chaude. 

La liqueur est port^e de nouveau k 95° environ. On y ajoute 
10 gr. de forures de zinc pur (Electro), pour pr^cipiter retain. De 
temps en temps, on pr616ve une goutte de liqueur que I'on depose 
sur une coupelle en porcelaine et que Ton traite par une goutte de 
solution d'acide sulfotydrique. D'abord, il se produit une colora- 
tion brune dtie k SnS puis, quand retain est pr6cipit6 en totality, 
il ne se produit plus qu'un trouble blanc dA k ZnS. Alors, on duran- 
te la liqueur sur im entonnoir garni d'un tempon de coton de verre. 
L'^ponge d'^tain reste dans la fiole avec le zinc en exc^s. On y 
joint le tampon de coton de verre qui a retenu les particiiles d'^tain 
entraln^es lors de la d6cantation. 

La fiole est munie d'un bouchon de caoutchouc traverse par deux 
tubes: I'un sert k I'amen^e d'un courant de gaz carbonique; I'autre 
k sa sortie. AprSs quelques minutes de passage de gaz carbonique, 
on soul&ve le bouchon et ajoute 30 cc. d'acide chlorhydrique k 23° 
B^. II se produit une reaction trfe vive. Le zinc en exc^s donne 
avec HCl un d6gagement d'hydrogSne qui achfeve de purger d'air 
I'atmosph^re de I'erlenmeyer. On chauffe doucement jusqu'^ 
dissolution complete de I'^tain et du zinc. On ferme le tube 
abducteur et Ton refroidit la fiole. CO2 remplit le vide pro- 
duit par la condensation. AprSs refroidissement, on s6pare 
la fiole de I'appareil producteur de gaz carbonique. On rince 
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lea tubes avec de I'eau priv^e d'air (1 litre d'eau-j-3 gr. COj- 
NaH-rHCl), on amdne la liqueur h 250 cc. avec la mSme eau. 
On ajoute quelques gouttes d'empois d'amidon. On verse k 
I'aide d'une bturette tme liqueur titrde d'iode (1 cc.=Ogr. 05 Sn) 
jusqu'd, coloration bleue. Le virage est trfe net. Une goutte 
suflSt pour le produire d'une fagon indiscutable. Or, une goutte 
correspondant k 0°° 05 ^quivaut 3, gr. 0025 d'6tain. La 
prise d'essai 6tant de 2 gr., I'approjdmation de cette m^thode 
peut ^tre d^finie ainsi : On sait que la teneur % du mineral est com- 
prise entre deux valeurs diff^rant entre elles de 0,126. Nous pen- 
sons que cette approximation est trds suffisante pour les essais 
industriels. 

La m^thode ci-dessus d^crite a 6t6 longuement pratiqu^e par 
nous. Elle nous a donn6 et nous donne encore d'excellents t€- 
sultats. Nous lui trouvons les quality suivantes: 

1°- Elle permet de verifier facilement si la totality de la cassit^r- 
ite a ^t6 d6sagr6g6e; 

2°- Elle s'applique k tous les minerals, m^me tr^s pauvres et 
m^me trSsimpurs; 

3°- Elle est rapide, car le r^sultat est obtenu en 4 heures; 

4°- Elle permet le travail en s6rie. 

Dans ces conditions, nous pensons pouvoir en reconunander 
I'emploi k nos collogues. Nous serons tr6s heureux s'ils veulent 
bien nous faire part de leurs objections. 



(Extrait) 

ANALYSE DES COULEURS EN PATE ET EN PAR- 
TICULIER DES "LITHOPONES" 

Par P. NicoLARDOT 
Paris, France 

Le principe de la m^thode consiste & traiter par le toluene 
la pfi.te pour s^parer I'huile de la mati^re min^rale et k attaquer 
par de I'acide chlorhydrique dilu6 la mati^re min6rale. L'acide 
n'est ajout6 que par portions successives pour ^viter la sapo- 
nification de I'huile. 

Les gaz qui peuvent se d6gager pendant I'attaque de la partie 
min^rale (HjS provenant de la presence de lithopone) passent 
dans de l'acide nitrique fumant. AprSs attaque I'huile est s6p- 
ar^e par d^cantation, puis par filtration, de la solution et du 
r6sidu insoluble. La solution et le r^sidu sont analyses par les 
proc6d6s communs: la solution, pour plomb, zinc et acide sul- 
furique; le r&idu, pour plomb, sulfate de baryte silice, etc. Dans 
l'acide nitrique, on dose l'acide sulfurique provenant de I'attaque 
du sulfure de zinc. 
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A NEW CALORIMETER BOMB WITH SPECIAL ADVAN- 
TAGES AS TO MATERIAL OF CONSTRUCTION 
AND METHOD OF OPERATION 

Bt S. W, Parr 
University of Illinois, Urbana, Illinois 

In attempting to improve upon the oxygen bomb for calori- 
metric use the efforts have been directed along two distinct lines 
to meet what seemed to be the most pressing needs of the case: 
first, the discovery of some substitute for platiniun which would 
resist the corrosive action of the acids formed and, second, the im- 
provement of the methods for closing the receptacle so that a 
perfect seal could be secured with certainty and ease. 

With reference to the first item, the development of a substi- 
tute for platinvim, the problem is not without serious difficulties. 
It is to be borne in mind that in many instances as with coals 
and similarly constituted substances the nitric acid resulting 
from the combustion is produced imder the best possible condi- 
tions for promoting a solvent action. The concentration of the 
acid in the bomb after a reaction is considerable. Moreover, 
the temperature, at least for a short period, is relatively high and 
the presence of corroding gases under high pressure may con- 
tribute to the activity. Again, in many substances a high per- 
centage of sulphur exists and this burns to SOs or in the atmos- 
phere of the interior, saturated as it is with water vapor, to 
HsS04. For example a very large part of the coals of the Mis- 
sissippi valley have a content of sulphur amounting to 3 or 4 per 
cent of the gross weight of the coal. Indeed, a content of sulphur 
is not infrequently met with of five and even six per cent. We 
have then in these cases of common occurrence conditions where- 
in both sulphuric and nitric acids are formed and these of a rather 
concentrated character. One of the common methods for coimter- 
acting the action of the acids is by use of some sort of resistant 
covering. As will be seen later the method devised for closing 
the bomb involves the machining of the parts to dimensions 
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accurate within 1/50 of a millimeter. This feature, therefore, 
would make it impracticable to make use of an enamel as a pro- 
tective covering. This expedient is also found, in practice, to 
be objectionable, owing to the frequent ruptiu"es that are certain 
to occm- in the enameled surface, thereby admitting the acid to 
the metal beneath. So far as a platinum lining is concerned in 
the device contemplated, and this was given an extended trial, 
the difficulties were as follows: First the cost of platinimi, 
representing at the current prices approximately $400 per bomb, 
made the use of that metal prohibitive, especially where a con- 
siderable number of bombs were desired such as for use with 
large classes. Second, the method of closing the bomb called for 
an exact relationship as to dimensions, and, as in the case of 
enameling, this could not easily be secured or maintained with 
an inner shell or lining. Moreover, the device to be employed 
for the inlet valve was such as to make it a very difficult problem 
of construction to make use of a second metal in that part of the 
apparatus. Third, the inevitable corrosion which sooner or later 
begins under the platinum shell roughens the surfaces, especially 
those coming in contact with the gasket. In time the entire sur- 
face under the platinum is affected and the water equivalent as 
well as the strength of the bomb is modified. These reasons alone, 
even if there were no others, are quite sufficient for indicating 
that the bomb, if made at all in conformity with the design con- 
templated, should be made of a metal capable of being machined 
to exact dimensions and in conformity with a desired pattern. 

For this purpose, therefore, a study of alloys was imdertaken 
with a view to determining if one could be devised sufficiently 
resistant to acid to effectually replace platinum, and that at a 
cost in the massive form necessary to easily compete with that 
metal. It must be possible, moreover, to either cast or stamp 
the metal into proper form suitable for machining into the final 
and exact shapes desired. The alloy finally developed has proved 
to be eminently satisfactory as far as its acid-resisting proper- 
ties and strength are concerned. It is complex in composition, 
having as the chief components, nickel, copper, tungsten and 
chromium with smaller and more or less adventitious amounts 
of manganese, aluminum, titanium, boron and silicon. The de- 
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tails of composition and properties of the alloy as finally adopted 
are presented under another title.* Concerning the securing of 
this material in forms suitable for machining to the desired pat- 
terns, only the method of melting and casting has so far been 
undertaken. The diflB.culty of securing perfect castings has seemed 
at times almost insurmoimtable. This is due to the fact that 
the melting point of the alloy is relatively high, approrimately 
1300° and at the point of solidification the shrinkage is so great 
that cracks or flaws are opened up which render the casting imfit 
for use. Again the occlusion of gases at the high melting tem- 
peratiu:e is great and pin holes are apt to be a soiu-ce of much 
annoyance. The overcoming of these difficulties is however a 
mechanical rather than a chemical problem and need not be 
entered into here. 

That the material may fairly be considered a substitute for 
platinum in the service here described is shown in the article 
above referred to wherein is given a table of solubility tests. 
Also in another article accompanying this discussion* data are 
pven upon a bomb of this new material in practical operation, 
which indicate that the alloy is entirely suited for use in the 
manner described. 

The second improvement sought for relates to the method 
of closing the receptacle. The difficulties attending the use of 
lead gaskets relate chiefly to the stress and strain required to 
secure a perfect seal. Other objections relate to the chemi- 
cal action upon the lead, and to the pitting or corrosion of the 
needle vale or seat, making it necessary to frequently reseat 
or repoint the valve parts. The substitution of rubber for lead 
is found to be entirely practicable if the conditions under which 
it is used are such that flame or any of the processes of combustion 
are not allowed to come in contact with the rubber. This is easily 
accomplished by interposing between the rubber gasket and the 
inner chamber a shoulder of massive metal so constructed that 
the cross section of the space between the two metallic parts 
is so small, say 1/25 of a milUmeter, and the longitudinal measure- 

'"A New Alloy with Acid Resisting Properties" by S. W. Parr, Inorganic 
Section (Sec. II) this Congress. , „ t t a 

'"Some Tests on a New Calorimeter Bomb" by Richard H. Jesse, Jr., bec- 
tion I this Congress. 
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ment of the space, that is the distance from the rubber to the 
inner chamber, is so great, say 1^ or 2 millimeters, that the 
combustion processes may not travel along so narrow a passage 
and therefore do not come in contact with the rubber gasket. 
This principle is carried out in closing the main opening of the 
bomb and also in closing the valve through which oxygen is ad- 
mitted. This will be made clear by reference to a sketch. 

In figure 1, B. B. are the walls of the bomb which enclose the 
space 0. The cover C is made with an encircling rim R which 




FiauKE 1 



retains the rubber gasket G. The cover is so made that a shoul- 
der S. S. passes the wall of the bomb as it comes up to position 
against the gasket. The machining of the parts is such that the 
space between the shoulder and the wall is about 1/26 mm. 
Moreover the distance from the lower edge of the shoulder to 
the gasket is about 2 mm. This is increased slightly by the 
pressure of the cover upon the gasket when the screw cap is 
brought down upon it. Conditions are thus secured which pre- 
vent the traveling of flame or any of the processes of combustion 




Figure 2. A New Calorimeter Bomb. 




Figure 3. A New Calorimeter Bomu. 
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from the combustion chamber to the rubber gasket G. The 
same principle is observed in the arrangements for the inlet valve 
V. The small gasket; g is protected from the reactions or heat 
of the combustion chamber by narrow passages between metal 
walls. In this manner it is entirely possible to secure a perfect 
seal with a minimum amount of compression, by use of rubber 
gaskets and this without any burning whatever of the rubber. 

A word fmi;her as to convenience of operation. The valve V 
works automatically thus — ^The valve is held lightly in place 
by the springs, but upon the admission of the oxygen above the 
valve it is forced downward admitting the gas to the chamber 0. 
When the proper amount is admitted, say 25 atmospheres, the 
oxygen supply is shut off and immediately the valve is lifted into 
place by the spring. The strong pressvire from within tends to 
seat the valve more firmly in place. After an extended experi- 
ence with this tjTJe of valve, involving numerous modifications, 
the present form shown herewith has been found to be exceed- 
ingly effective and satisfactory. Thumb pressiu-e on the top of 
the stem is found sufficient for releasing the gas at the close of 
an experiment. The most striking characteristic, however, in the 
manipulation of the bomb is the ease with which the cover may 
be fastened to withstand the necessary pressure without leakage. 
As may be seen in the accompanying illustrations a simple oc- 
tagon plate is set into the table or shelf and an octagon wrench 
about 50 cm. long affords ample leverage for screwing down the 
cap and seating the cover. The expenditure of a great amount 
of force in this part of the procedure is quite eliminated. The 
ease and readiness with which a perfect seal can thus be obtained 
have done much to revolutionize the work of operating a calorim- 
eter of the oxygen bomb type. 

Figure 2 shows the cover and screw cap removed from the bomb. 
The small parts at the base of the bomb are couplings for oxygen 
connection at the top of the cover. 

Figure 3 shows the bomb with the parts assembled with the 
octagon holder and wrench for setting the screw cap. 

Figure 4 shows the shelf fittings and connection with the oxy- 
gen tank. The shelf is hinged at the left-hand edge. It may be 
unfastened at the right-hand edge and lifted for the removal of 
the tank when it is required to renew the supply of oxygen. 



SUR L' ANALYSE DE L'" OLEUM" 

Par le Dk. J. Pkats 

Professeur a I'Ecole Industriel et d'lngenieurs Textiles ii Tarrasa- 

Barcdona {Espagne) 

Les procedfe les plus suivis aujourd'hui pour I'analyse de 
1'" Oleum, "ouacide sulfurique fumant, sont ceuxde Lunge-Rey', 
de Treadwell^ et de Vernon*. 

J'emploie aussi ces proced^s fondfe en la volumetrie du SO3 
avec la solution normal de NaOH, mais j' y fais quelques modi- 
fications ^ fin de pouvoir determiner rapidement, avec les donn^es 
de r analyse, le SO4H2 % et le S08% libre, qu'est ce dont on a 
besoin dans la pratique. 

On p&e dans une petite ampoule k verre une quantity s de 
I'oleum qu'onva analyser; ouledissous dans I'eau jusqu'^ former 
1 litre et I'on fait deux volumetries. 

lire. On prend 250 cc. et on dose avec une solution normal 
(ou deci-ou quint-normal) de soude caustique, NaOH, en em- 
ployant le methylorange pour indicateur: 

1 cc. NaOH normal =0,040 g. de NaOH 

= ^mol. SOs= 0,040 g.SOs 
= lmol. S02= 0,064 g.SOj 

de sorte que la NaOH depens6e s'est employee k neutraliser le 
SOj et le SO2 et pourtant faut il determiner celui-ci k nouveau 
pour en avoir le premier. Pour ga ou fait la volumetrie. 

2e. On prend autres 250 cc. et on dose avec une solution 
deci-normal de iode : 

1 cc. sol. - de 12=0,0032 g. de SO2 
10 

0,0032 = -0,064 
20 

'Vademecum du fabricant de prodiiits chimiques par Lunge — pag. 192. 
'Analytische Chemie par Treadwell II, pag. 406. 
•Chemiker Zeitung — a. 1910 — pag. 792. 
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Solent done : 

'a=nombre de cc. de la premiere volumetrie 
6=nombre de cc. de la deuxi^me volumetrie 

s=le poids de 1' oleum; — pour chaque essaie. 
4 



De la valeur d' a faut il vester la NaOH consomm^e pour neu- 
traliser le SO2 dont la valeur vient donn^e par b. 

quantity SO2 = 0,0032.b = — 0,064. b. 

20 

mais comment 0,064 SO2 equivalent k 0,040.SO3, c'est k dire 
1 cc. solution NaOH, nous aurons: 

quantity SO8=0,040.a- — 0,040b = 
20 



= 0,04 (a.-—) 
V 20/ 



Ces quantity sont referees au poids-; pour le poids 100, elles 

4 

seront: 





-1 


4 ' V 20/ 




-:0,0032.b = 100:t 

A 


c'est k dire: 




* V 20) 4 (20.a-b) 
SOa total %-r- g —z 

■^ OS 




SO2 total % = 


^_0,32.b_l,28.b 

s s 
4 



H2O total % = u = 100-(r+t) = 100- 80-u + 2,4.b 

5s 
-100_ 16.a+0,48.b 

s 
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Mais pourvu que 80 de SOs se combinent avec 18 d' eau ou 1 
d'eau avec lt=4,44deS08, en multipliant la quantity d'eau par 
4,44 nous aurons le SOs que forme SO^Hj, ou SO3 combin6, et le 
S0« restant sera SOj libre. 

quantity de SOg combing =4,44.u 

Pourtant la composition definitive de I'acide en SOj libre % et 
SO4H2 %, que c'est la forme la plus generalment usit6e, sera: 



SOJI,%=u + 4,44.u = 5,44.u=i^(l00-l«:^±M8.b) 

9 V s ' 

^^^,., «... 40 4/196.a + 3b ,_„\ 

S03%libre=7-4,44.u=r u = -I 1000) 

9 9 V 8 / 

S02% libre =t 



9\ s 

4 
9 
l,28.b 



Ces formules sont d'application plus simple que celles de 
Vernon et au surplus on a compte du SO2 %, ce qui donne une 
plus grande precision aux analyses. 

Pour comprobation doit se verifier et, en effet, ou verifie: 
S04H,%+S08% libre+S02% = 100 

100=i« (l00- «Q-"+'''-^ U^ (196-^+3b_iooo)+l.^ 

Dans le cas, tr6s frequent, d'etre b=0, les anterieures formules 
se transforment en les suivantes: 

SOJJ.%-f (lOO-'f) 
SO.%libre.i (l?5i-100o) 

dont la somme est aussi 6gal k 100. 
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On peut modifier trfe simplement ces formules dans le cas oil 
Ton emploie pour la premiere voliimetrie une solution deci- 
normal ou quint-normal de NaOH. 



N 
Pour la solution — , on a: 
10 



r= 



0,8 (2a-b) 



u=100-^'^-^+Q'^^-^ 



et poin- la solution — , on a: 
5 



r= 



0,8 (4a -b) 



u = 100- 



3,2.a-|-0,48.b 



CONTRIBUTION A L'ETUDE DES FORMULES POUR 
L'OBTENTION D'UN ACIDE SULFURIQUE 
FUMANT DE RICHESSE CONNUE EN SO3 

Par lb Dr. J. Prats 

Professeur h I'Ecole Industriel et d'Ingenieurs Textiles d Tarrasa- 

Barcelona {Espagne) 

J'ai donn^ dans le "Chemiker Zeitung'" des formules pour la 
preparation d'un acide sulfurique fumant de richesse connue en 
substitution de la formule de Guehm. Ces formules ont 6t6 
reproduites en maintes Revues scientifiques et diverses ouvrages'' 
et je veux insister sur elles en determinant I'erreur commis quand 
on emploie mes formules abreg6es et en donnant des graphiques 
pour le plus rapide calcul des quantit^s k determiner. 



Mes formules exactes sont: 

9.h + 40 (100 -s) 
9.k + 40 (100-s) 



x = a, 



(1) 



9 ( k-h) .„. 

. y=a.— x=a. (2) 

I 9k+40 (100-s) 

oil r^presentent: 

'0= quantity d' acide fumant h. preparer, avec /i % de SO3 libre 
^ a;=poids d'acide fumant h melanger, avec k % de SO3 libre 
2/=poids d'acide sulfurique ordinaire, h melanger avec 
r anterieur, avec s % de SO4H2. 

E}t mes formules abreg^es quand on emploie (cas courant) acide 
ordinaire de 66* B6, sont: 

h + 20 ,„. 

x= a. (3) 

k+20 

k— h /.v 

y= a. (4; 

^ k+20 

■-a.— 1910— pag. 264. „,.,,, „ .. . -c • 

'H. Wichelhaus. — Sulfuneren, alkalischmelze der sulfosauren, stenfizieren. 

— pag. 59 a.l911 ; et d'autre. 
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dont la simplicity est evidente et au surplus elles n'ont besoin, 
comme celles de Guehm, des secours de tables. 

Erreur. — L'erreur absolu qu'on commet en appliquant ces 
formules abreg^es est: 

^_^/ h + 20 _ 9h+40X4,4 \ ^ ^/ h+20 9Ii+176 \ ^ 
Vk+20 9k+40X4,4/ *Vk+20 9k+176/ 
_^ 4(k-h) 
■(k+ 20) (9k +176) 
Cette fonction ne presente pas maximum ni miniTnnm puisque 
de -4 

la denv^e parciel —= (]j4.20)(9k + 176) °® ^^"* pas fitre zero 

pour aucune valeur fini de k. La plus petite valeur (non le mini- 
mum) de e correspondra quand la difference (k-h) soit la plus 
petite possible avec k positif. 
L' erreur relatif est: 
E=a 4(k-h) ^ 9h + 176 _ 4(k-h) 

(k + 20)(9k + 176)" *■ 9k + 176 (k+20)(9h + 176) 
Pour determiner la loi de variation de cet erreur nous com- 
mencerons par rechercher s'il y a une valeur maximiun ou mini- 
mum. Des fonctions 

^=0 ^=0 

dk dli 

on deduit: 

h=-20; k=-19| 

ce qu'indique, puisque h &i k doivent fitre tou jours positif s, que 

l'erreur n'a maximums ni minimums. 

h + 20 
Oraphigue de la formule: x = , _„ 

Pour representor graphiquement cette formule on fait a=l et 
on aura pour k = 25 ime ligne qu'aura par equation 

x=^ h+i 

^45 9 
equation d'une droite (a) (voyez la figure ci-jointe) dont I'ordonn^ 
itl'origineest: 
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x = l =0,444 

9 

Pour k=40, la droite aura par equation 

1 
x= — 

60 

dont I'ordouade k I'origine est 

1 
x= — 

3 

Pour k = 60, la droite sera : 

] 
x=— 

g 

dont I'ordonn^e k I'origine est 



x= — h+ - (b) 
60 3 



x= - =0,333. 
3 



1 1 / X 



x= 1=0,2 
5 



Pour k = 100, la droite sera: 

x= ii+ — (e) 

120 6 

dont I'ordonn^e k I'origine est 

x=— =0,155 

6 

et ainsi de suite pour les autres valexirs de k. 

Toutes cettes droites qu'ont comme equation general. 

1 u^ 20 
x = h + - 



k + 20 k + 20 

concurrent au m^me point de I'axe des abscises, piiisque pour 
x=0, on a 

h = -20 
Ce graphique est trfe utile dans les laboratoires, en substitution 
des formules, puisqu' il suffit chercher I'ordonn^e correspondante 
au valeur de I'abscise qui donne la richesse en SO3 de I'acide 
fiunant qu' on cherche, pour avoir le niunero dont le produit 
pour a donnera la quantity qu'il faut aj outer k I'acide sulfiuique 
ordinaire pour obtenir la quantity d' acide fumant k richesse 
donn^e qu' on d6sire. 



THE CONTROL OF TEMPERATURE IN THE OPERA- 
TIONS OF ANALYTICAL CHEMISTRY 

By Theodore W. Richabds 
Harvard University, Cambridge, Mass. 

The control of temperature is a very important question in 
the work of the analytical chemist. The reason is at least three- 
fold. In the first place, temperature affects greatly the speed 
of all chemical reactions, which are generally accelerated, to 
extents varying from perhaps seven to twelve per cent, by each 
degree's rise in temperature. In the second place, temperature 
affects the final equilibrium attained by many reacting systems, 
and therefore influences both the yield and the composition of 
the products dealt with by the analyst. In the third place, ac- 
curate physical measurements, to which the quantitative ex- 
perimenter must frequently resort, — such as weighing the measure- 
ment of the volumes of gases and liquids, and the determinations 
of calorimetric or electrical magnitudes, — demand considerable 
control of temperature if any accuracy is sought. 

Clearly the subject is too large for the brief ten minutes to be 
devoted to it; but a few words may be able to point out the more 
vital features. 

Let us begin with the control of temperatures near that of the 
room. In the first place, it is clear that every chemical labo- 
ratory may advantageously have a thermostat attachment to 
its heating arrangements. For years I have used a commercial 
contrivance which when operating properly has kept my labo- 
ratory at 20° within half a degree, greatly to my satisfaction. 
In order to attain any such constancy, the air of the room must 
be efficiently agitated by means of an electric fan; just as any 
other form of thermostat should be adequately stirred. Of course 
when an operation affected by currents of air is vmdertaken, 
the fan must be temporarily stopped. 

Entirely within this room, surroimded by glass walls and with- 
out any outside windows, is built a balance-room, which resembles 
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a huge balance case; and this remains constant for long periods 
within one or two-tenths of a degree, because the somewhat 
larger fluctuations of the outer room do not quickly pass through 
the glass walls. The plan has worked so excellently that all 
balance-rooms in the new Wolcott Gibbs Memorial Laboratory 
at Harvard are to be built in this way entirely within other rooms. 
A very suitable, sensitive, and easily constructed thermostat 
attachment for regulating the temperature of a room is the sealed 
hydrogen manometer, with electrical contact.^ This consists 
of a large sealed bulb containing hydrogen, which gas is arranged 
to support a colimin of mercury having an electrical contact 
at its upper end, — ^the affair is a combination of a gas-thermome- 
ter and a barometer. The rapid heat conduction in hydrogen 
makes this gas especially suitable for the purpose. We have used 
the device for many years with great profit, and by its aid have 
been able to keep a cellar laboratory, which is protected by 
double windows, within 1/10 degree for weeks at a time. The 
electrical current, made and broken at the mercury surface in 
the top of the manometer by the fluctuations of the expanding 
or contracting hydrogen, may be made to operate a relay which 
in turn regulates the heating apparatus, whether this uses steam, 
hot air, gas or electricity. A form in which the current running 
through the mercury in the manometer itself is used for heating, 
has recently been described^, but I should be afraid that this 
might not be able to maintain quite as accurate a constancy as 
an apparatus using a weaker current in its regulating manometer. 
Often the yet more accurate regulation of the temperature 
of small objects is needed; of course the Ostwald toluene reg- 
ulator in a bath of water or oil gives the most convenient ther- 
mostat for such purposes. Of late we have used, on account of 
its cleanliness and safety, only electricity as a means of supplying 
heat to this bath; the regulator is arranged so as to make and 
break a feeble electrical circuit which operates a relay through 
which in turn runs the stronger heating current. The chief, 
probably the only, disadvantage of electrical heating is the pos- 

iRegand and Fouillard, Z. wiss. Mikroscop., W, 138 (1903); also Richards 
and Mark, Proc. Am. Acad., 41, 119 (1905). 
'Bonsfield, Chem. News, lOS, 13 (1912). 
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Bible leakage of electricity. If it is used for electrochemical work, 
one must guard against stray electromotive forces by efficiently 
grounding the thermostat. The description of an arrangement 
of this kind making possible the maintenance of the temperature 
within 0.001° or 0.002° for c^ays is perhaps not out of place. This 
has been used at Harvard for many years; it was briefly described 
several years ago and has been used independently by others.' 

The thermostat consists of a large can which may be as large 
as 70 centimeters in diameter and 70 or more high. The can 
is covered on the outside with felt and may have its surface pro- 
tected with oil if evaporation is to be prevented. Within this 
can is immersed a regulator similar in principle to the toluene 
thermostat regulator of Ostwald. The receptacle for the toluene 
is made with five large fingers having walls of moderately thin 
glass, and is arranged to have a capacity of over half a liter. 
The mercury column, raised and lowered by the expansion or 
contraction of this toluene, "makes" and "breaks" a feeble 
electrical circuit which governs through a relay the stronger 
current used for heating. The latter current passes through the 
relay and through a large insulated heating coil immersed deeply 
in the water of the thermostat. 

The "making" and "breaking" happen advantageously in 
a somewhat narrow tube, perhaps two millimeters in diameter, 
and the mercury in this tube should be protected from the lab- 
oratory air by an atmosphere of piure hydrogen, supplied by a 
very small automatic hydrogen generator attached to the ap- 
paratus. This device is very important if great constancy is 
sought; it constitutes the only unusual feature of our apparatus. 

The efficiency of this regulator, or indeed of any other, as a 
means of keeping the temperature constant depends greatly upon 
the agitation of the water in the thermostat. This should be 
violently stirred by means of a rather powerful motor in order 
to keep the temperature constant throughout and to effect a 
rapid exchange of heat between the bath and the toluene reg- 
ulator. The degree of agitation usually employed is entirely 
inadequate. The temperature is obviously much more constant 
if the room containing the thermostat is allowed to vary but 

•Richards, Carnegie Inst. Washington, Pub. 66, 22 (1906); 76, 9 (1907). 
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little in temperature; it is advantageously kept perhaps a degree 
below the temperature of the bath. By running a thin pipe con- 
taining cool water around the inner circumference of the top of 
the bath, compensation for a higher temperatvire may be easily 
obtained. If care is taken and the glass toluene receptacle is 
sufficiently large, and is well seasoned so that it has assmned a 
reasonably constant volume, the thermostat will keep constant 
within one or two thousandths of a degree for weeks. 

This arrangement makes no pretense to novelty in principle, 
but in efficiency it probably exceeds most other forms because 
of the details heeded in its construction. A very similar appa- 
ratus has been more recently described by Hulett^; but he does 
not seem to have sought or attained quite the degree of precision 
which we have successfully employed. 

Very satisfactory thermostats may be made from baths filled 
with pure salts in the act of transition from a state of greater to 
a state of less hydration. Such mixtures keep a striking degree 
of constancy for a long time. Sodiiun sulphate is the best sub- 
stance for this purpose. For details a paper by K. L. Mark and 
the present author in Vol. 38 of the Proceedings of the American 
Academy of Arts and Sciences should be consulted. 

The control of low temperatures and of high temperatures 
has received so much general notice recently that this expert 
audience needs no detailed exposition of these topics. The em- 
ployment of pure ice for maintaining a definite degree of cool- 
ness is known to every one; but the almost equally serviceable 
use of ice mixed with solutions of definite concentrations for 
increasing coolness, is perhaps less generally recognized.^ 

For example, ice mixed with dilute hydrochloric acid contain- 
ing 28.19 grams of hydrogen chloride per liter gives a perfectly 
constant temperature of —3.00°.' Of course, if heat is added, some 
of the ice melts, the solution becomes more dilute, and the tem- 
perature rises. This, however, may be easily prevented by en- 
closing the constant-temperature bath by another bath con- 
taining a mixture having the same freezing point. If an air 

•Physical Review, SZ, 277 (1911). 

'Thia was suggested by Roloff, Z. phys. Chem., 18, 572 (1895). 

'Richards and Jackson, Proc. Am. Acad., i-l, 473 (1906). 



Congress of Applied Chemistry 407 



space (or still better the evacuated space of a Dewar vessel) 
is placed between the two baths, the inner one will maintain 
an amazing degree of constancy for long periods of time, par- 
ticularly if more dissolved substance from time to time is added 
to the outer vessel as its ice melts. The lower lunits of the tem- 
perature attained in this way are of course the cryohydric tem- 
peratures of the more soluble substances. 

Lower temperatures are customarily obtained by means of 
solid carbon dioxide with alcohol or ether, and still lower ones 
by liquid air and hydrogen. By boiling the liquefied gases under 
reduced pressure their temperature-range may be extended con- 
siderably. The details of working with these now familiar sub- 
stances need hardly find a place in this brief review. Acquaint- 
ance with the necessary technique is becoming more and more 
an essential part of the complete chemist's outfit, although an- 
alytical operations rarely demand low temperatures. 

Turning now to higher temperatures more frequently em- 
ployed by analytical chemists, wide limits must receive consider- 
ation. Open steam baths are essential, and are too well known 
to need discussion. Thermostats of concentrated salt solutions 
or oil or paraffin, or of fused mixed sodium and potassium nitrate, 
may be used at fairly high temperatures, if proper regulating 
devices are employed. For most purposes, however, air baths 
regulated either by themostat-control or by approximately 
constant steam, gas, or electrical-heating are more commonly 
employed. If steam under constant pressure is available, it 
forms a very usual and convenient means of maintaining con- 
stant temperatures somewhat above 100° often needed in an- 
alytical laboratories. Gas, or more recently, electrical heating 
is more commonly used; the latter has the great advantage of 
clearJiness. Other vapors also, such as toluene (110°), the xylenes 
(140° ±), and aniline (184°) are often used with advantage. 
Air-baths without thermostat attachments are usually arranged 
to maintain only a certain difference between the room temper- 
ature and the higher temperature sought. This is all very well 
if the room remains constant in temperature, but sometimes 
laboratories change as much as 10° or 15° during the day. and 
this change may have serious effects in some delicate operations 
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when it reappears in the heated air-bath. For such operations 
a thermostat regulation of the temperature of the bath is almost 
essential. 

The forms of air-bath which have been proposed are countless. 
Most of them lack the needful requisites of resistance to corrosion 
and therefore of cleanliness. The utensil containing the substance 
to be heated usually needs to be protected by some form of shelter 
or roof, such as a watch-glass, to keep out particles of impurity 
from the corroded walls of the oven. This is altogether unfor- 
timate; the air-bath used by analysts should be free from such 
defects, therefore it should be made of glass or porcelain.* It 
is almost needless to point out that for many purposes the prod- 
ucts of combustion also should be rigidly excluded from the 
inside of the oven if gas is to be used as a source of heat. More- 
over, the air of the laboratory is often injurious to sensitive 
substances; such material should be heated in boats within tubes, 
even if only dried at 100°. The well known "bottling apparatus, " 
so much used at Harvard makes this precaution easy.' 

For higher temperatures burners of various shapes are avail- 
able, and more and more use is being made of the yet greater 
possibilities of electrical heating. 

Most of the gas-burners are either modifications of the Bunsen 
burner or the blast lamp, and some of the former, especially the 
Meker burner, have been made of such efficiency as to replace 
for many purposes the use of air under pressure. To obtain a 
constant temperature with these burners, it is necessary usually 
to attach to the gas-supply a contrivance for giving it constant 
pressure; otherwise the fluctuations are considerable. It is need- 
less to point out that contrivances for preventing radiation, 
such as clay cylinders and other forms of furnaces, greatly pro- 
mote the constancy of temperature attained. 

Turning now to electric heating, we have not only the electric 
furnace so much used in technical work, but also, more suitable 
for analysts, a sort of electric muffle, a porcelain or other refrac- 
tory tube wound with resistance wire, capable of producing and 

'A simple, clean, and inexpensive electric oven is described in Am. Chem. 
Jour., SS, 45, (1899). 

'See for example: The Faraday lecture of 1911; Jour. Chem. Soc. Trans. 
99, 1203 (London). 
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withstanding the high temperatures needed. For temperatures 
up to 1000° the alloy called "nichrome" works very well as the 
material of the resistance ■wire; for higher temperatures plati- 
num is necessary, but even that is less refractory than one might 
wish. We have obtained excellent results with the type of fiu*- 
nace made in this fashion with tubes of pure silica as core. The 
maintenance of constant voltage and even conditions of radia- 
tion provides the operator with a very fairly constant tempera- 
ture, which is most conveniently estimated by the platinxmi- 
rhodium thermopile. 

In summing up, it may be said that attention has been called 
to the relative advantages and fields of usefulness of some of the 
more important methods of controlling temperatures between 
3000° and— 250°. A few of the most essential details of execution 
have been suggested and emphasis has been placed upon the 
frequent importance of constancy of temperature and of the 
exclusion of outside impurity. 



THE MEASUREMENT OF TEMPERATURE IN THE 
OPERATIONS OF ANALYTICAL CHEMISTRY 

By Theodore W. Richards 
Harvard University, Cambridge, Mass. 

The measurement of temperature is important in analytical 
work primarily in those problems which border upon physical 
chemistry. The approximate knowledge of temperature is neces- 
sary in many processes of precipitation and other treatment, but 
exact knowledge is demanded chiefly in the measurement of the 
volumes of either gases or liquids or the vapor tension in the 
latter; as, for example, in gas or liquid volumetric analysis of the 
determination of densities. Calometric analysis also demands 
very exact thermometry. Moreover, a new method of quantita- 
tive analysis has recently been suggested in which the accurate 
aud precise estimation of differences of temperatiu-e is the crucial 
point. In these cases temperature is so important that it must 
receive careful and adequate treatment in exact analytical 
chemistry. 

The present paper makes no attempt to present an exhaustive 
discussion of the measurement of temperature; its object is merely 
to make a few suggestions which may be useful to the analytical 
chemist unfamiliar with accurate work of this kind. 

As every one knows, the measurement of temperature depends 
upon two entirely different considerations; first, upon a few satis- 
factory fixed standards of reference; and, secondly, upon some 
means of subdividing the intervals between these points. 

The standards of reference usually employed, namely, the 
temperatures of freezing and boihng water, are well known, but 
they do not always receive quite adequate attention. With 
regard to the freezing point, which is taken under atmospheric 
pressure, the most important cause of imcertainty is the possible 
impurity in the water which must always surround the ice. Fortu- 
nately this difliculty is easily avoided. Water may be purified 
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with great ease, and ice is usually purer than the water from which 
it separates. Moreover, even if the ice is not perfectly pure, very 
good results may often be got by washing and drenching it with 
pure distilled water, previously boiled in an insoluble vessel and 
cooled in a sealed flask to zero. Impurity within the body of the 
ice, of course, makes no difference, and traces of impurity on the 
surface may thus be greatly diluted. If only a small specimen of 
pure ice is at hand, it may be placed in a thin-walled beaker with 
pure water, and surroimded by a much larger vessel of common 
ice and water. Attention should be called in this connection to 
the danger of dissolving volatile impurities from the atmosptere. 
This danger is much reduced by filling the interstices between the 
pieces of the ice with pure water, a precaution which also eliminates 
irregularities due to currents of air. Because the equilibrium 
which establishes the constant temperature takes place only on the 
dividing surface between the solid and the liquid phases, this 
dividing surface must be made as extensive as possible by the 
subdivision of the solid. 

The effects of usxial changes of atmospheric pressm-e on the 
melting point of ice are so small as usually to be negligible, although 
larger changes of pressure cause appreciable changes in the freez- 
ing point. The usual barometric fluctuations plus the pressure 
due to the supernatant water may affect the freezing point by 
a range of almost 0.001°, a quantity which usually does not con- 
cern the analytical chemist, but may be of great importance to 
any one desiring very accurate temperature measurements. 

The boiling point, on the other hand, as is very well-known, is 
highly sensitive to small changes of pressure, although the questions 
of purity of material and lack of homogeneity are not practical 
issues. A quarter of a millimeter's change in the barometer 
causes as much as 0.01° change in the boiling point — a matter 
which may become of serious moment; hence a very accurate 
barometer is needed. To this cause of imcertainty is added another, 
the danger of superheating, which must always be guarded against. 

The boiling and melting points of many other substances besides 
water are used to estabhsh a number of other fixed points above 
100° and below 0°. Much the same considerations apply to these 
substances also, except that the greatest difficulty is usually here 
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the presence of impurity. Since extreme temperatures need not 
usually be precisely known by the analytical chemist, the dis- 
cussion of these substances may be omitted. 

Much more important are the newly used transition tempera- 
tures of crystallized salts, which fix with very great precision 
various points between the freezing and boiling point of water, 
and therefore must be emphasized. These have been investigated 
chiefly by the present writer, who first suggested their use for this 
purpose in 1898. It has been shown by a series of investigations 
that these points are fully as certain as the two old long established 
ones. Indeed, it is probable that the temperature of the transition 
of sodium sulphate, for example, may be fixed in practice more 
accurately than either the temperature of ice or that of steam. 
Every chemist knows that at the first named point, 32.383°, 
the solubility curve of the common hydrated sodium sulphate 
crystallized with 10 molecules of water, cuts the solubility curve 
of anhydrous sodium sulphate; the two solutions are identical; 
and the two kinds of crystals, anhydrous and hydrated, are in 
equilibrium with one another. If heat is added to a mixture 
containing both solids and the solution, the result is simply the 
transition of some of the hydrated into the anhydrous salt and 
solution; and the temperature remains absolutely unchanged as 
long as any considerable amount of hydrated crystals is present. 
The situation is exactly parallel to the absorption of heat by the 
melting of ice, the difference being that in the case of ice only two 
phases are concerned, whereas in the case of the salt three phases, 
the solution, the hydrated crystals, and the anhydrous crystalline 
powder take part in the equilibrium. This temperature, about 
one-third of the way up the Centigrade interval, is a very con- 
venient one for many purposes. As a rule, all thermometers in- 
tended for the exact determination of ordinary temperatures 
should cover the range between 0° and 32.383° so as to be verified 
by means of these two points. 

Other important fixed points also have been more recently 
tested, namely, the transition of the deka-hydrate of sodium chro- 
mate into hex-hydrate and into tetra-hydrate. These two points, 
respectively 19.525° and 19.987°, are particularly convenient as 
being in the neighborhood of the usual room-temperature. For 
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higher temperatures sodium bromide and manganese sulphate, 
respectively 50.674° and 58.09°, are valuable; and barium hydrox- 
ide gives an admirable transition temperature at 77.89°.^ 
Pressure change within usual limits has very little effect on any 
of these points. 

These transition temperatures may be determined in the ordi- 
nary Beckmann freezing-point apparatus with great precision if 
care is taken as usual always to surround the test-tube containing 
the mixture by a wider tube having a narrow air jacket, the outer 
tube being immersed in a bath kept about half a degree above 
the point desired. Of course great care must be taken in preparing 
the salts in a state of purity, and the trouble involved naturally 
varies in difficulty with different substances. Sodiimi sulphate 
is very easily prepared in the pure state, and is the most convenient 
of all. For the details the separate papers must be consulted. 

Even if these transition temperatures were no more precise 
than the two old fixed points, they are practically superior to them 
in two important respects, for the purpose of verifying tempera- 
tures found by mercury thermometers between 12° and 85°. In 
the first place, at any point over this range some one of them is 
nearer to the temperature in question than the nearest of the two 
old fixed points. This nearness minimizes the effects of possible 
errors in the calibration. Again, the fact that with the aid of these 
new points the thermometer need not be much heated or cooled 
in the act of standardizing is by no means unimportant; for the 
internal structm-e of glass is much upset by sudden temperature 
changes, and the most elusive errors in mercury thermometers 
are due to the resulting eccentricities in the height of the enclosed 
mercury column. 

Yet another cause of superiority over the boiling point lies in 
the fact that the transition temperatures of crystallized salts do 

'T. W. Richards, Am. J. Sci., (4) 6, 201 (1898); Richards send Churchill, 
Proc. Am. Acad., 34, 277 (1899); Richards and Welk, 4t, 435 (1906); Ibid., 
38, 431 (1902); Richards and Wrede, Proc. Am. Acad., 43, 343 (1907). These 
five papers are all to be found in full in the Zeitschr. fiir phys. Che., the ref- 
erences being respectively ;8e, 690 (1898); gS, 313 (1899); 43, 465 (1903); 
61,313 (1908). The work on manganese chloride was finished by Dr. Wrede 
and one of us at the University of Berlin. The work on sodium chromate by 
Richards and Kelley will be found in Proc. Am. Acad., 43, 171 (1911) and J. 
Am. Chem. Soc, S3, 847 (1911), 
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not demand the use of a barometer — the sole requirement is unim- 
peachable purity in the substances concerned. 

The second problem which confronts any one who wishes to 
measure temperature accurately is the subdivision of the intervals 
between these various fixed points. Everybody knows that this 
is accomplished by the precise measurement of some property of 
a substance or system of substances which possesses a high and 
easily measured temperature coefficient, the property varying 
continuously and if possible in a linear fashion over the temperature 
interval to be subdivided. The properties usually used are in 
the first place the voliunes of mercury or of hydrogen or air, meas- 
ured usually in glass tubes; secondly, the electrical conductivity 
of platinum; and thirdly, the electromotive force of a multiple 
thermopile. Each of these methods has its own advantages and 
disadvantages; and the intelligent choice between them depends 
largely upon the conditions which the especial problem in hand 
may present. The hydrogen gas-thermometer, the standard to 
which all others are referred, is not easily used with exactness. 
Many precautions are necessary for its precise emploj^nent. 
Therefore the determination of its indispensable data is now left 
as a rule to the national bureaus of the several covmtries, the 
standard values obtained by them being recorded on mercury 
thermometers and in that way transported from place to place. 

Mercury thermometers in glass tubes, first proposed about the 
middle of the seventeenth century, still continue to be as a rule 
the most convenient means of subdividing the thermometer range 
in laboratory work. When properly made and intelligently used, 
they give very accurate indications; but if the necessary pre- 
cautions are not observed, they may lead to highly erroneous and 
illusory results. 

Every one knows nowadays that the first precaution to be ob- 
served in using a mercury thermometer is to keep the whole 
stem at the temperature to be measured, or else, less satisfactorily, 
to correct the reading by adding to it a calculated amount equal 
to the effect of the contraction of the mercury in the protruding 
stem. Nevertheless, a few years ago, this knowledge was not 
general, and many of the data concerning solubilities and melting 
points to be found in chemical literature are distinctly erroneous, 
because of the oversight of this precaution. 
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Another precaution, which also varies with the circumstances 
of the particular determination, is the observation of the effect 
of pressure, both of the mercury colimm inside and of the atmos- 
phere and supernatant Uquid above the bulb on the outside. Each 
source of pressiu-e decidedly affects the size of the bulb and hence 
the reading. 

The zero-point of a thermometer also changes from time to 
time, particularly if the thermometer itself is often subjected to 
widely varying temperatures. If neighboring fixed points cannot 
be employed to estimate such change, and ice must be employed, 
the only safe rule to heed with regard to this error is to take the 
zero-point immediately after the reading of the higher temperature 
— the lowest point recorded by the thermometer on being placed 
on ice (perhaps two minutes after the first immersion) being taken 
as the true value. This immersion in ice, if continued for more 
than a few minutes, so alters the glass that on being raised again 
to the higher temperature the instrimaent will indicate a slightly 
different temperature than before; and time is needed to cause 
this hysteresis-effect to disappear. 

Because of the effect of large temperature-changes on the glass 
of thermometers, it is not a bad plan to have those intended to 
be used for precise work over a short range (as in calorimetry) 
made without the zero-point, so that one may be spared the temp- 
tation of plunging them into ice. They should be verified either 
with a suitable transition temperature or by means of standard 
thermometer. 

Besides these irregularities, which depend upon the peculiar 
conditions to which the thermometer is subjected, there are of 
course certain constant corrections to be applied to every ther- 
mometer, which depend upon inequahties of bore and the co- 
efficient of expansion of the particular glass used. These are 
best determined once for all at the Bureau des Poids et Mesures, 
the Bureau of Standards, or the Physikalisch-Technische Reich- 
samstadt wherie the needful corrections to the hydrogen scale will 
also be determined. 

One of the great difficulties of mercury thermometers is the 
tendency of the thread to adhere to the tube, and therefore with 
a descending thread, to give incorrect readings. Even fairly 
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energetic tapping is often insufficient to dislodge the column; 
therefore it proceeds in its downward course by jerks, obviously- 
failing to give trustworthy indications of the temperature. For 
this reason thermometers should always be read when the thread 
is very slowly rising or in a stationary position approached from 
a low temperature. In this case, if the bore is clean, the pressure 
of the expanding merciu-y is enough to cause a perfectly even rise 
and a perfectly definite indication. Unfortunately the bore often 
is not perfectly clean, and even with a rising thread, some ther- 
mometers show inequalities. Several recent instruments for 
thermochemical work, which have been especially made for my 
use, seem to be entirely free from impiu-ity in the mercury column; 
and a brief description of them is perhaps worth while. Each ther- 
mometer was sealed, with an intervening receptacle, to the mer- 
cury still. The mercury was first distilled in hydrogen into the 
receptacle, the apparatus exhausted, and the mercury absolutely 
free from air, was then run into the thermometer bulb and sealed 
off with due precautions. By wholly excluding oxygen in this 
way, the thermometer seems to give more satisfactory results. 
It is possible that an imperceptible film of an oxide of mercmry 
forms on the surface of mercury in contact with the air, and that 
this is the cause of the fact that the mercury progresses irregularly. 
Whatever the cause, the usual method of calorimetry, in which 
the cooling correction is determined on a falling thermometer, 
is obviously quite inaccurate. On the other hand, attention should 
be called to the fact that the thermometer should not be read 
with a rapidly rising coliunn, because then the temperature of 
the mercury in the bulb will lag behind that of the environment. 
For accurate work the temperature of the bath being determined 
should not rise faster than two or three thousandths of a degree 
per minute. In that case the average thermometer bulb is very 
nearly in equilibrium with its environment. 

The preceding discussion alludes to the necessity of tapping the 
thermometer before reading it. This is essential in accurate work, 
but the tapping should be very gentle and should be applied at 
the side rather than vertically on the top of the thermometer. 
The latter form of impact sometimes causes the mercury column 
to jump, and it may then remain at an incorrect altitude. 
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Carefully executed experiments with the accurate thermometers 
just described, taking all the precautions indicated, show that 
a thermometer after being taken from a bath of perfectly constant 
temperature, cooled three or four degrees, and then returned to 
the bath, will give a result the second time within 0.0005° of the 
original indication, if allowance is made for the heat removed 
because of the heat capacity of the thermometer bulb. That is 
to say, when due care is taken with the thermometric readings, 
a very high degree of precision may be reached by means of mercury 
thermometers. 

The comparison of two thermometers is a process often necessary 
in accurate thermometric work; it demands a bath of nearly con- 
stant temperature. This is best found in an adiabatic calorim- 
eter' — a sort of submarine immersed in water in a large pail. 
Within the watertight sunken vessel is a can insulated by an air- 
jacket from its walls. Water in the inner can, if at about the tem- 
perature of the water in the outer pail, is surpridngly unchangeable 
in temperature. This somewhat complicated apparatus may be 
replaced in ordinary work by a much simpler one. Two large 
beakers of a nest, holding a litre or more, are arranged one inside 
of the other, with cotton wool between their upper edges. The 
inner is almost iBUed with water covered by a layer of non-volatile 
oil; and the Combination is then almost sunk in a large receptacle 
full of water, and properly supported. The temperature of the 
outer bath may be easily regulated by hand so that the inner 
one remains very constant, if the temperature is not very different 
from that of the room; and by starting with a temperature some- 
what too high in the outer bath and subsequently cooling it, the 
thermometers may be made to assume their stationary positions 
with a rising thread, in the proper manner. 

Pentane thermometers, for very low temperatures, and mercmy 
thermometers (containing nitrogen or carbon dioxide under 
pressure) for temperatures up to 550°, are too well known to need 
description. Both are very convenient, and when properly stand- 
ardized, with especial attention to the protruding steam, both 
will give fairly accurate results, adequate for many purposes. The 

'The best form is described in a paper by Richards and Jesse, Joum. Am. 
Chem. Soc, 31, 273, (1910). 



I] Congress of Applied Chemistry 419 



more recent thermometers of fused silica containing mercury and 
gas under great pressure, for very high temperatures, are less 
familiar and of course more expensive. 

The electrical methods of determining temperature are of much 
less use to the chemist than the glass-mercury thermometric 
methods. When extraordinary pains is taken to exclude stray 
electromotive forces, there is no doubt that very great sensitiveness 
to changes of temperature may be obtained either in the measure- 
ment of the electrical resistance of a pure platinum wire or in the 
determination of the electromotive force of a multiple thermopile 
consisting for example of copper and constantan. In order, how- 
ever, to get any sort of reliable results from this apparatus, the 
experimenter must have had great experience with precise electri- 
cal measurements, and the whole apparatus is so expensive and 
so sensitive to changes of temperature, to electrical and magnetic 
conditions, and to the injurious fumes only too often present in 
chemical laboratories, that for most purposes the analytical chemist 
will do well to forego any attempt to use the electrical methods 
with great precision. On the other hand approximate determina- 
tions of high temperatures by means of the platinum-rhodium 
thermopile are highly convenient and of very great use to the 
analyst, because he should have some idea of the temperatures at 
which ignitions and other high-temperature operations are to be 
executed. This instrument can be purchased in good condition 
and calibrated already with sufBcient accuracy for approximate 
work, and it is easily verified to within a few degrees by the melting 
points of a few fixed substances such as sodium sulphate, etc. 

It seems likely that in the futiu-e the thermometer will be used 
more and more for exact analytical purposes in methods which 
demand the precise estimation of comparatively small differences 
of temperature in the neighborhood of 20°. All calorimetric work, 
which may often with advantage be used for analytical purposes, 
comes under this head; for example, the determination of the 
value of coal by means of any form of combustion calorimeter. 
This is strictly a method of analysis, and it determines the most 
essential characteristic of coal; but the quantitative basis for the 
analysis is the thermometer. In the same way the method of 
analysis just advocated in a recent paper^ from the Harvard 

'Richards and Shipley, Joum. Am. Chem. Soc, 34, 600, May, 1912. 
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Laboratory depends essentially upon the precise measurement 
of small intervals of temperature. This method of analyzing 
solutions may be of very general application both in technical 
and in scientific work. The method depends upon noting the 
precise temperature at which the unknown solution attains ex- 
actly the same density as a given, previously calibrated solid 
float. This equality in density is marked by the familiar phenom- 
enon which we may call "floating equilibrium," where the wholly 
immersed solid neither rises nor sinks in the liquid. When, as 
is usual, the solution is denser than the solvent, the more concen- 
trated the solution, the higher is the temperature necessary to 
reach floating equilibrium; hence each concentration corresponds 
to a definite temperature, and after a few points on the almost 
hnear curve connecting the two variables have been determined 
by means of known solutions, all the intervening ones are deter- 
minable by simply reading the thermometer at the points where 
floating equilibrium is attained. When the solution is less dense 
than the solvent, precisely the same method is used, except that 
the solution must be cooled instead of warmed to attain floating 
equilibrium, as the concentration increases. One should note that 
differences alone are the subject of study by this method; the 
exact density of none of the solutions need be known. The method 
is indeed more sensitive and accurate than any of the usual methods 
of determining the densities of liquids. The starting-point in 
each case should be the perfectly pure solvent, whose density, 
again, need not be known and the float is calibrated by solutions 
of known concentration. 

This new method of analysis, as well as the older calorimetric 
method, may be conveniently carried out by means of a well 
calibrated Beckmann thermometer, or still better by means of a 
thermometer with a scale only covering a range through perhaps 
15° to 21°, and without any zero-point. If such a thermometer 
has been kept for a long time at nearly constant temperature, its 
readings become extraordinarily trustworthy, and it serves with 
great advantage for the purpose under discussion. 

In brief, this paper has attempted to give in a few words a state- 
ment of the most convenient methods for determining temperature 
suitable for work in analytical chemistry. The mercury thermom- 
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eter, carefully constructed and calibrated, and used with proper 
precautions, has been advocated as the most convenient means 
at the disposal of the analyst; and a method of making very satis- 
factory mercury thermometers is briefly described. Further the 
wide appUcation of the thermometer in several forms of analytical 
work has been emphasized. 



NEPHELOMETRY 

By Theodore W. Richards 
Harvard University, Cambridge, Mass. 

The nephelometer is a simple and generally applicable piece 
of apparatus for estimating traces of suspended precipitates in 
liquids. The determination is effected by measuring the bright- 
ness of the light reflected by the suspended particles; from the 
amount of this reflected light, the weight of suspended material 
may be inferred with considerable accuracy, provided that the 
proper precautions are taken concerning the standard of refer- 
ence. The device is a great convenience for finding exceedingly 
small quantities of material too finely divided to be collected upon 
a filter and determined gravimetrically. The name nephelometer 
is derived from the Greek V€(^e\ju,, a cloud. 

"The construction is very simple. Two test-tubes, near to- 
gether and slightly inclined toward one another, are arranged 
so as to be partly shielded from a bright source of light by sUding 
screens. The tubes are observed from above through two thin 
prisms, which bring their images together and produce an ap- 
pearance resembling that in the familiar half-shadow polarimeter. 
The unknown quantity of dissolved substance is precipitated 
as a faint opalescence in one tube by means of suitable reagents; 
and a known amount, treated in exactly the same way, is pre- 
pared in the other. Each precipitate reflects the light; the tubes 
appear faintly luminous. If the tubes show Uke tints to the eye 
when the screens are similarly placed, the precipitates may be 
presumed to be equal in amount. In case of inequality of ap- 
pearance the changed positions of the screens necessary to pro- 
duce equality of tint give a fairly accurate guide as to the rela- 
tive quantities of precipitate in the two tubes. Traces of sub- 
stance, which are too attenuated to be caught on any ordinary 
filter, may thus be estimated."* 

'Richards, "Faraday Lecture, " J. Chem. Soc. Trans., 99, 1206 (1912). 
The original publications are to be found as follows: Zeitsch. anorg. Chem., 
8, 269 (1896); Richards and Wells, Amer. Chem. J., SI, 235 (1904); Richards, 
ibid, S6, 510 (1906). 
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The two test-tubes are lighted by nearly horizontal rays from 
a powerful electric light at least one-half meter distant. The tubes 
should be protected from its heat by a suitable transparent screen. 

The arrangement of the apparatus is described in full in papers 
published in the American Chemical Journal for 1904 and 1906, 
volume 31, p. 235 and volume 35, p. 510. 

The apparatus has been thoroughly tested by comparing with 
its aid solutions containing known amoimts of various precipi- 
tates, especially freshly precipitated argentic chloride in suspen- 
sion. Its eflBciency is most easily seen in series of results where 
portions of the same opalescent Uquid are placed in the two tubes 
for comparison. 

The following table gives actual successive readings obtained 
in this way, the first vertical row of figtires giving the length of 
one column of Uquid exposed to the light, and the second that of 
the other. The last vertical row records the ratios of the figures 
in the two preceding, which in this case should be exactly 1.00. 

Comparison op Similar Solutions 



Heights 
Tube a 


of Equal Intensity- 
Tube b 


Ratio=^ 


53 


56 




0.95 


53 


51 




1.04 


53 


54 




0.98 


77 


77 




1.00 


34 


34 




1.00 


67 


64 




1.05 






Average 


1.003 




Theoretical 


1.000 






Error 


0.003 



The close agreement of the average with the theoretical value 
shows the absence of any constant error greater than 0.5 per cent 
in the combination of the effects of the prisms, the tubes, the 
lighting, or the scale. Evidently, too, the length of tube exposed 
to the light makes no difference; but, nevertheless, in practice, 
settings were usually made at several different heights. The 
actual error (0.3 per cent) of the mean of the six settings corre- 
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sponds to only 0.0001 milligram of argentic chloride and the max- 
imum deviation (5 per cent) of a single observation from the 
true value corresponds to 0.0015 milligram. Thus the instru- 
ment is capable of a considerable degree of accuracy. 

As an example of the details of experimentation, it is worth 
while to describe two typical experiments which had as their 
object the discovery of the concentration of certain very dilute 
solutions of silver nitrate by means of the nephelometer. In 
each case 10 milliliters (cubic centimeters) of the solution to be 
analyzed were placed in one of the nephelometer test-tubes, 
which was then almost filled with pure water, and a definite 
amount of hydrochloric acid added. For the purpose of com- 
parison small known amounts of a standard solution of silver 
nitrate containing 5 milligrams of silver per liter were made up 
to the same volume and treated in the same way. In the first 
experiments too little of the standard solution was used; hence, 
to procure quality in the semicircular images viewed through 
the eyepiece, more of this tube had to be exposed to the light than 
of the tube containing the unknown solution. For the sub- 
sequent comparison 24 per cent (as indicated by the first trial) 
more of the standard solution was employed, and then the images 
after precipitation appeared almost exactly equal. This is shown 
in the column giving the ratio of the scale readings below. 
The table contains the experimental data and the results. Each 
value given for the ratio of the scale-readings is the average 
of many trials. In the second experiment these trials gave val- 
ues ranging between 0.96 and 1.04, the average being 0.99-I-. 







Volume of 

Standard 

Solution 

Milliliters 


Volume of 

Solution 

to be Analyzed 

Milliliters 


Ratio of the Scale 

T,„„j; Standard 

Readmgs=Uijmown 


Silver per 
liter foimd 
Milligrams 


Exp. 


1 


10.00 


10.00 


1.24 


6.2 


Exp. 


2 


12.40 


10.00 


0.99 


6.1 



6.1 



This was within one per cent of the actual concentration. 

These results illustrate suflSciently the degree of accuracy 
which may be easily obtained, as well as the best method of 
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proceeding. The first comparison is made with solutions only 
approximately equal, and the succeeding observations are made 
upon tubes containing quantities of substance, computed from 
the first trial, which are much more nearly equal. In this way the 
greatest accuracy may be reached. 

The utmost care must be taken to have the conditions in every 
way as parallel as possible in the two tubes to be compared. 
Time must be allowed for the opalescent precipitates to attain 
their full development; two hours or more should usually elapse 
between the precipitation and the observation. The mechanism 
of the precipitation seems to vary in different cases; thus the 
precipitate from a solution of silver chloride attains its full de- 
velopment at a different rate from that of the precipitate from 
sodium chloride, when both are treated with excess of silver 
nitrate. In such a case, equality of condition may be attained 
by dissolving each precipitate in ammonia and reprecipitating 
by nitric acid; and in other cases similar precautions must be 
taken. 

In the manipulation the most scrupulous care must be taken 
to avoid the introduction of dust, which usually contains chloride 
enough to affect the test. Hydrochloric acid gas is also an in- 
sidious source of contamination. 

This instrument is not intended for determining large amounts 
of substance which deposit easily from solution; ordinary quan- 
titative methods serve much better in such cases. Its great 
usefulness appears when one is required to determine minute 
traces of precipitates which obstinately refuse to settle, or to 
be caught by an ordinary filter or Gooch crucible. It may be 
used not only with silver chloride, but also in many other cases 
in which a fine divided precipitate reflects light; and it provides 
an imusually sensitive means of detecting very faint cloudiness 
in a liquid. It has even been used for estimating bacteria in 
jelly. In every case, as already indicated, great care must be 
taken to have the standard solution and unknown solution sub- 
jected to precisely the same conditions, for varying conditions 
of precipitation may lead to differences in the appearance of the 
precipitate far greater than the possible optical error of the ap- 
paratus. Herein lies the chief caution to be noted in its use; 



Congress of Applied Chemistry 427 

and for this reason any fixed standard of reference, such as a 
ground glass plate, is of very doubtful eflBcacy. 

The contents of this paper may be summarized as follows: 
An instnunent for the comparison of opalescent mixtures is de- 
scribed, which is able to detect and estimate very small amounts 
of suspended precipitate. The chief possibility of error lies in 
the state of the precipitated material. In order to exclude varia- 
tion here, the solution to be estimated and the standard solution 
for comparison should be precipitated in exactly the same way. 



CARACTERISATION DE TRACES INFINITESIMALES 

DE BORE A L'AIDE DE LA TEINTURE DE 

FLEURS DE MIMOSA 

Pab M. Lucien Robin 
Chimiste au Ldboratoire Municipal de Paris 

En 1904^ j'ai fait savoir que la teinture de fleurs de Mimosa 
pouvait rendre quelques services en chimie analytique, pour deux 
raisons. 

1. A cause de sa sensibility aux agents acides et alcalins, ce qui 
permet de I'utiliser comme indicateur; 

2. Parce qu'en se plagant dans certaines conditions, on pourrait 
s'en servir pour caractdriser I'acide borique. 

II m'a 6t6 possible pour cette seconde application, d'augmenter 
considerablement la sensibility. Au lieu d'^puiser les fleurs par 
une solution hydroalcoolique, je me sers d'alcool pur et j'abandonne 
I'usage du papier impr6gne de cette teinture. 

Je prepare la teinture en plagant dans im petit becherglass 5 
grammes de fleurs de Mimosa soigneusement isol6es, je verse 
dessus 50 cent, cubes d'alcool ethylique pur k 95° et je mets au 
bain-marie durant 10 minutes. 

Apr^s refroidissement complet je filtre; je verse k nouveau sur 
les fleurs 40 cent, cubes d'alcool que je d^cante siu* le filtre pour 
joindre k la premiere portion, et j'exprime avec une spatule, le 
r6sidu. 

Cette teinture est conservde dans im flacon bouch6 k I'^meri 
dont il est sage de recouvrir le bouchon et le col, d'une petite 
cloche pour 6viter que les poussieres ne la souillent, et de pr6f6r- 
ence on tiendra le flacon k l'obscurit6. 

Pour faire la recherche de traces de Bore, je me sers de petites 
capsules de porcelaine a fond plat, ayant 5 centimetres k peu pr^s 
de diam^tre; que je nettoie avec grand soin, k I'aide d'acide sul- 

SP'CJomptes Rendus de rAcad^mie des Sciences, et Annales de Chimie 
Analytique. 
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furique, puis d'ammoniaque et que je lave enfia avec de I'eau 
distillee. 

On doit effectuer toutes les manipulations avec une proprete 
meticulause, k cause de Textr^me sensibilite de la reaction. 

En these g6n6rale, on opere comme si I'on se servait de papier 
au curcuma, c'est-a-dire en evaporant la liqueur rendue tres 
legerement chlorhydrique, et traitant le residu par un alcali. 

II est prudent avant de faire une recherche de traces de bore, de 
faire un essai a blanc dans la capsule dont on voudra se servir. 

Pour cela, il faut avoir a sa disposition ime liqueur de soude 
pure a 1% environ, que Ton prepare suivant le proc^de classique 
c'est-a-dire en projetant dans de I'eau distillee, de petits morceaux 
de sodium prealablement essuyes a I'aide de papier de sole parfaite- 
ment vierge. 

On gardera cette solution de soude avec les precautions dej^ 
citees pour la teinture. 

II est necessaire aussi d'avoir une liqueur d'acide chlorhydrique 
a 5%. 

On met dans la capsule 4 a 5 gouttes d'eau distillee, deux ou 
trois de liqueur sodique 2 gouttes de teinture de Mimosa, puis 
une goutte ou deux de solution chlorhydrique, pom: acidifier 
legerement ce qui est fait quand la liqueur perd sa couleur jaune. 
On met la capsule au bain-marie ou au dessicateur. 

Aussit6t que le residu est sec, on retire la capsule et apr^s 
refroidissement le residu est humecte assez largement avec de 
I'ammoniaque au quart; le readu prendra ime coloration jaune 
citron si I'acide borique est absent, dans le cas contraire on obser- 
vera une teinte rose. 

La capsule sera utilisee ensuite apres un simple lavage M'eau 
distillee, si la reaction a et6 n^ative; autrement il faudrait de 
nouveau la nettoyer a fond. 

En outre de la coloration rose qui se developpe sous Taction de 
I'ammoniaque, on remarque lorsqu'il y a de I'acide borique, que 
le residu d'^vaporation a ime couleur d'lm jaune brun particulier, 
tandis qu'elle est a peine jaune citron si le bore est absent. 

La couleur rose se manifeste lorsqu'il n'y a que des tracs 
infimes de Bore, elle tend a gtre d'autant plus rouge, que le teneur 
en Bore est plus forte; elle est rouge sang pour quelques centiemes 
de milligrammes. 
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Cette teinture rose ou rouge ne persists pas, elle passe aurouge 
brique puis au marron. 

Sensibility de la Mithode 

En operant avec une solution d'acide borique pur, on peut 
reconnattre milligramme 0004 d'acide borique dilue dans im 
cent, cube, ce qui repr6sente milligramme 000071 de Bore. 

Si au lieu d'6vaporer au bain-marie, on place au dessicateur 
jusqu'i Evaporation totale, la coloration est excessivement nette 
avec milligramme 00027 d'acide borique soit milligramme 
000048 de Bore. 

Recherche en presence des diffirents sels 

J'ai fait ces essais en mettant en presence 1 goutte des solutions 
salmes k 10% et milligramme 00012 de Bore, laissant 6vaporer 
au dessicateur apr^s addition de 2 gouttes de la solution de sonde 
pure, autant de liqueur chlorhydrique, et 2 gouttes de teinture. 

Avec le nitrate de potasse, la r6action a 6t6 intense. Avec les 
chlorure, bromure, iodure de potassium, ainsi qu'avec le chlore de 
baryum il en a 6te de m^me. 

Le phosphate de soude a gdn6 et la teinte tout en 6tant rose, 
l'6tait moins qu'avec les autres sels. 

Le sulfate de chaux n'apas ggn6; une trace d'un fluoborate 
alcalin a doim6 manifestement la reaction. 

II m'a 6t6 possible de caractEriser la presence de traces de Bore 
dans plusieurs Echantillons de lait pur. 

Pour cela, j'ai 6vapore dans une capsule 12 k 15 gouttes de lait, 
et apres avoir calcinE, j'ai ajout6 aux cendres blanches 3 ou 4 
gouttes d'eau, deux de teinture et 2 d'acide chlorhydrique Etendu, 
puis fait Evaporer au bain-marie. Laissant I'evaporation se faire 
a froid, j'ai eu des reactions encore plus nettes. 

Une seule goutte de vin suffit pour demontrer la presence nor- 
male du Bore avec I'evidence la plus manifeste. 

Enfin, la presence d'acides organiques tels que les acides tar- 
trique, citrique, oxalique, ac6tique, ne permet pas de retrouver des 
traces de Bore; mais il est facile de se d^barrasser de ces acides par 
calcination. 

Quant on a a chercher des traces d'acides borique dans des 
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cendres dont le poids est assez important il convient de s'y pfendre 
de la f aeon que void : 

Une portion de ces cendres grosse comme une petite lentille est 
mise dans un verre bien lave tout d'abord, on delaye cette petite 
portion dans 3 H 4 centimetres cubes d'eau distillee, et on laisse 
reposer quelques instants. Trois ou quatre gouttes du liquide 
sumageant sont decantees dans une petite capsule et additionnees 
de deux gouttes de teinture de Mimosa qui doit colorer ces quelques 
gouttes en jatme, an raison de leur alcalinit^ apres acidification 
menag^e avec I'acide chlorhydrique k 5%, on evapore. Si Ton 
op^re sur une quantite relativement grosse de cendres, au lieu 
de 2 gouttes de teinture, on pent en mettre 3 ou 4, pour en saturer 
en quelque sorte, le residu salin. 

Je crois pouvoir dire en terminant que la sensibilite de la teinture 
de Mimosa d^passe de beaucoup encore celle du papier de curcuma. 



THE EXTENSION OF POLARIMETRY IN 
CHEMICAL ANALYSIS 

By George W. Rolfe 

Sugar Laboratory, Massachusetts Institute of Technology. 

Boston, Mass. 

There are enumerated some seven hundred organic substances 
whose solutions are optically active, that is optically active in 
the restricted sense that they actually can be tested on the polari- 
scope. The polariscope is practically unknown to the general 
analyst except as a sugar testing instrument, although many of 
these optically active substances which are not sugars are by 
no means chemical curiosities, but commercially important. 
Among such can be mentioned tartaric acid, amyl alcohol, the 
camphors, the terpenes and their combinations in the essential 
oils, the majority of the alkaloids and the glucosides. 

Furthermore, there are a number of excellent polarimetric 
methods already extant which have been proved reliable and use- 
ful in actual practice. It would seem certain that these would 
come more into general use and suggest a much wider field of activ- 
ity for the polariscope in general analysis were the instrument 
better imderstood, as well as the great advantages in convenience, 
precision and rapidity possessed by polarimetric methods more 
generally known. 

Most large commercial laboratories are equipped with a quartz- 
wedge saccharimeter usually of the half- or triple-shade type. It 
does not seem to be generally understood that such instruments 
are adaptable to practically all polarhnetric work, enabling the 
analyst with little practice and experience to make readings to 
less than .02° of angular rotation, or to .05 of a scale division. 
Neither the principles of optics involved, the modifications of 
manipulation nor the calculations of results of polarimetric meas- 
urements on the saccharimeter are such as to deter any one from 
using it in general analysis, but these simple fundamental prin- 
ciples of the working of the saccharimeter must be understood. 

433 
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The quartz-wedge saccharimeter does not directly measure the 
angle of rotation of the polarized light rays of one wave-length as 
does the polariscope, but the rotatory influence of the optically 
active solution on all the rays is balanced or "compensated" for 
by interposing what is in effect an oppositely rotating section of 
quartz but of exactly the same rotating value. The thickness 
of the quartz section required to produce this compensation or 
nullifying of the rotatory effect of the solution on all of the polar- 
ized rays is expressed on a scale in concentration of sugar, and gives 
directly the per cent of sugar in any sample when a solution of 
such is made and polarized under certain standard conditions. 
It is a simple matter, however, to convert the readings of the sac- 
charimeter into angular degrees of rotation of polarized yellow 
light, which are the standard polarimetric units, by multiplying 
by a "light-factor" which has been obtained by direct comparison 
of the reading of a quartz plate on the saccharimeter with its 
rotation value obtained on a polariscope. This value for the 
standard commercial saccharimeter is .3465 expressed in angular 
degrees for spectically purified yellow light, — the mean of the 
two D-rays of the spectrmn at 20° C. (.3458 when compared with 
the Laurent polarimeter). Therefore, o=.3465 R. 

The saccharimeter when made with the highest refinements of 
optical and mechanical work, will give much more precise measure- 
ments than the ordinary commercial instrument is capable of. 
There is, moreover, a growing demand for instruments of higher 
precision owing to the fact that solutions of many optically active 
substances are so dark colored that it is impracticable to make 
readings except at low concentrations or with short tubes, owing 
to the strong light absorption. Such small readings, if read on the 
ordinary saccharimeter, are, of course, liable to large error. Dr. 
Frederick Bates has designed a quartz-wedge saccharimeter, made 
by the firm of J. and J. Fric, of Prag, which is capable of readings 
to within .01 division or about .0035° and, furthermore, has a 
very effective device for regulating the half-shade angle so that 
the field illumination can be suited exactly to the special require- 
ments of the solution for most precise reading. 

The wedges are enclosed in a dust-proof box which is equipped 
with a thermometer by which the observer can read their tempera- 
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tures at a glance. The scales which are also enclosed are very 
accurately graduated on translucent glass, bemg illuminated by 
transmitted light much more effectively than are those of the 
ordinary type. The vernier divisions, owing to this excellent 
illumination and high magnification, can easily be read by interpo- 
lation to .01 division. 

The sensitizing and illuminating regulator alluded to, which 
has been worked out to practical perfection by Dr. Bates, is an 
original and valuable feature. By a milled head, which has a 
graduated dial to show the angular position of the half-shade prism 
relative to the polarizer, the illumination can be regulated in an 
instant for maximum effective sensitiveness. A gearing connect- 
ing analyzer and polarizer automatically keeps the zero adjust- 
ment absolutely constant, even correcting for absorption error 
of the prism. 

The polariscope has several other ingenious devices for conven- 
ient and effective worldng but the superiority of the Bates sac- 
charimeter lies mainly in its greater precision and adaptability 
under all conditions of polarimetry, either for commercial work or 
scientific research. There is no doubt that scientific research in 
polarimetry has been impeded for want of instruments which 
can take maximum advantage of such conditions, and the Bates 
saccharimeter, although necessarily elaborate and expensive, will 
go far to fill such a want. 

There is, however, a difficulty, due to rotary dispersion, which 
often arises in such observations with the quartz-wedge sacchari- 
meter. Many of these organic solutions do not rotate the rays of 
different wave-lengths in the same ratio as does quartz. Conse- 
quently, no one thickness of left rotating quartz can be found, 
which will exactly balance the rotatory effect of the solution on 
all the rays of a compound light from an ordinary illuminant such 
as would be used with the saccharimeter. The effect of polarizing 
such a solution would be that there would appear at the endpoint 
a parti-colored field, irrespective of how carefully compensation 
was attempted, and this would prevent precise readings. 

This difficulty is not insurmountable. In extreme cases, espe- 
cially where great precision is necessary, sodium light can be used, 
but usually the disturbmg rays can be eluninated sufficiently by 
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means of colored solutions or screens; a cell containing a potassium 
bichromate solution is often used, but what are much more con- 
venient are screens made by coloring gelatine films with a saturated 
alcoholic solution of aurantia, a common coal-tar dye. These 
screens are very conveniently made, as suggested by Prof. Louis 
Derr, by treating lantern-slide photographic plates in a "hypo" 
fixing bath in the dark, and then dyeing the colorless and well- 
washed plates with the color. The plates can then be finished 
with cover slip and binding like lantern slides. These screens 
cut out very effectively the rays of both ends of the spectrum 
(those of most unequal dispersion), allowing practically only the 
green and yellow to pass. Two or three such screens can be used 
together when necessary. 

To illustrate the use of such screens, the following actual polar- 
ization of a solution of tartaric acid is briefly described: 20 grams 
of pure tartaric acid was made up to a water solution of 100 cubic 
centimeters. This, when polarized in a 2-decimeter tube, gave a 
strongly parti-colored field at the endpoint, one half being blue, 
the other red, showing that the rotary dispersion variation of 
tartaric acid and quartz was large. The average of the readings 
was 14.70 divisions. Two aurantia screens, made in the manner 
described, were then used as Ught-filters, which made the imeven 
coloring of the field almost imperceptible and the reading was 
14.35. An imfiltered sodimn-flame gave the same value, 14.35, 
which agrees well with the calculated one of 14.33. It is seen then 
that in the case of tartaric acid the dispersion error, which amounts 
to over 2% of the reading when polarizations are made with 
ordinary light, becomes negligible when aurantia screens are 
used. 

For particular measurements on substances with a rotary 
dispersion on a curve different from quartz, Dr. Bates reconunends 
"the yellow-green line of the mercury vapor lamp, which has a 
wave-length of .000546 mm. because of its great brightness and 
the ease with which it can be obtained pure. There are now on 
the market several types of the so-called monochromatic light- 
producing apparatus, essentially a spectroscope with a second 
slit in place of the observing eye-piece. When placed between a 
quartz mercury-vapor lamp and the saccharimeter, the latter is 
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illuminated by sufficient light to permit the use of very small 
half-shadow angles with uniform color over the entire field." 

It is advisable that the saccharimeter have a trough long enough 
to admit the mounting of a standard quartz-plate at the same 
time as a 2 dcm. tube, that is, instruments designed for 400 deci- 
meter tubes are preferable, as it is often desirable to extend the 
scale, which can be done easily by insertion of quartz plates. 
These quartz plates are comparatively cheap and will be standard- 
ized by the Bureau of Standards for a small fee. They are neces- 
sary in polarizing laevo-rotatory substances, two dextro-rotatory 
plates being useful, one reading about 60 and another about 
100. Some chemists regularly use a right-rotating plate in read- 
ing invert sugar solutions, preferring for various reasons to locate 
the readings on the plus side of the scale. The true reading of a 
left-rotating solution in such case is obviously given by the differ- 
ence between the observed reading and the value of the standard 
plate. For instance, — an mverted sugar solution and a stand- 
ard millimeter quartz-plate gave a combined reading of 49.09. 
As the rotation value of the plate is 62.67, the reading of the 
solution is —13.58. 

Passing over the matter of temperature errors which can be 
dealt with by familiar methods according to their specific impor- 
tance as determined in the analysis at hand, only two points may 
be mentioned: (1) the advantage of eliminating all question of 
temperature influence by making up solutions and polarizing as 
near 20° as possible; (2) that it is quite important that the sac- 
charimeter itself be kept at the standard temperature as well as 
that the solutions be made up and kept at this standard 
temperature. 

In this connection, glass polariscope-tubes with side tubulatures 
are recommended as especially convenient, not oiJy for inserting 
a thermometer, but for ease in filling and emptying, as this can 
be done through the tubulus, which should have a bell mouth, 
thus making removal of the caps unnecessary. Such tubes are 
only surpassed for neat and rapid polarizing by the "diffusion 
tubes," which are needlessly compUcated except for large-scale 
work where hundreds of polarizations are to be made. 

Perhaps the most serious difficulty in developing polarimetric 
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methods of testing for many substances has been the complicated 
and variable influence of many common solvents on their specific 
rotation. As is well known, the rotatory effect of many optically 
active solutions is affected by the amount of solvent quite inde- 
pendently of its concentration effect and of the fact that the sol- 
vent itself is optically inactive. This influence is negligible in 
the case of aqueous sucrose solutions, but is quite marked in sub- 
stances like tartaric acid, camphor and many of the alkaloids. 
Hence, the apparent specific rotation of such substances is not a 
constant when calculated from solutions of different concentrations, 
and a simple relation between the reading and the substance in 
solution does not exist, such as is expressed by the equation 

av, .3465 Rv . ,^ _, , , . . 

w=— -(= — for the quartz-wedge saccharimeter) 

appljong to sucrose and other substances where the variation in 
rotation at standard temperature is due solely to change in con- 
centration and tube-length. 

This, again, is not an insmmountable difliculty, as this influ- 
ence has been investigated and formulated for common solvents 
of many optically-active substances, so that it is possible to calcu- 
late equations which take this into consideration. For instance, 
the best solvent for camphor polarization is benzol. When the 
influence of this solvent is determined by plotting the apparent 
specific rotation of the benzol solution of camphor at different 
concentrations against the corresponding per cent of the solvent, 
this influence is expressed as a straight line of very steep slope and 
Landolt has derived from this the equation: 

a (a)' 

W =2.4683y ~ •®1'^*'^ 1 

for the weight of substance in 100 cubic centimeters. 

Such calculations are no more complicated than those of many 
common analytical methods and no more difficult of comprehen- 
sion. A practical method of determining camphor in celluloid 
has been developed from these principles. 

Complicated calculations can be eliminated in many cases by 
making the polarizations at concentrations which vary but Uttle 
from some standard adopted as best for the method at hand. 
Then, the specific rotation can be taken as a constant and much 
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computation saved, since simple equations analogous to those 
in saccharimetry can then be used. This is done in polarizations 
of hydrolyzed starch products which are made on solutions at a 
density of approximately 10%, and is an expedient common and 
vital to so many other analytical operations as to require but little 
comment here. It will be remembered, for instance, that all 
copper reduction methods require that solutions be made within 
very narrow limits of concentration variation. 

In many cases, an inorganic compound in solution with an opti- 
cally active substance, has a marked influence on the rotation of 
the latter, although the influencing substance is itself optically 
quite inactive. Sometimes the effect is to increase the rotation 
enormously, and such substances have been foimd very useful 
where the optically active substance to be polarized has a feeble 
rotatory power. 

As an illustration, the determination of tartrates in baking 
powder and effervescent mixtures as worked out by the Kenricks 
(J. Am. Chem. Soc, S6, 665) may be cited. Tartaric acid has a 
comparatively low rotation value, its specific rotation for a 2.5% 
solution being about 14.7, the value being very much influenced 
by the solvent. If, however, ammonium molybdate is added 
in proportion of one mol to three mols of tartaric acid, approxi- 
mately, the rotation of the acid is increased nearly sixty times and 
is constant with considerable variation of solvent. By this means 
very small quantities of tartaric acid can be determined quanti- 
tatively. Two methods for the determination of malic acid in 
sirups and cider vinegars, this acid being important as a criterion 
of the genimieness of these products, have been worked out inde- 
pendently by Yoder (J. Indus. & Eng. Chem., S, 563) and Dunbar 
and Bacon (idem, S, 826). In these methods, uranyl acetate is 
used to increase the rotation of the malic acid. 

These methods are mentioned as examples of some of the ex- 
pedients which are at the command of the analyst in developing 
polarimetric methods. If these and other hints set forth in this 
paper prove suggestive to him for making a more extended use of 
his saccharimeter in his practice, it has not failed of its object. 
The writer in turn wishes to thank Dr. C. S. Hudson and Dr. 
Frederick Bates for helpful advice and encouragement in pre- 
paring this paper. 
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A SPECIFIC GRAVITY BALANCE FOR SOLIDS 
Bt a. H. Sabin, Bbookltn, N. Y. 

The instrument consists of a beam A B of sufficiently rigid 
construction, which may be a channel beam or a truss of some 
kind, which forms the support of a rod C D, and is supported by a 
pair of knife-edges at G, one on either side of C D. One portion 
of C D is a screw with a right-hand thread, and a corresponding 
opposite portion is a screw with a left-hand thread of the same 
pitch; each of these portions carries a nut, E and F. By rotating 
the screw, as for example, by a milled head as shown, these nuts 
may be made to approach or recede from the centre at equal rates. 
From one of these, as F, is suspended a pan, K, and from the other, 
asE,a, weight, H, which again carries a smaller detachable weight, 
I. The added weights of H and I equal the weight of K, and the 
weight of I alone equals the loss of weight of K when immersed 
in water. 

It is obvious that in any position of the nuts E and F, H+I 
will balance K, and also that at any point H alone will balance K 
when the latter is immersed in water. 

If a weight, for example ten grams, is placed on the beam at A, 
so that it will not be moved by the rotation of CD, it will be 
coimter-balanced by any weight greater than ten grams in the pan 
at some point between D and G; that is, by turning CD and 
causing the pan to move parallel to A B, a. point may be found 
when it will balance the fixed ten-gram weight at il. In use, both 
H and I are attached to E, the object to be examined is put on 
the pan and brought to a point where it balances; then 7 is re- 
moved, K and the substance on it immersed in water, the buoyant 
effect of which is now perceived only on the substance under 
examination. 

If, further, the beam A B carry a movable weight or rider, it is 
clear that when this rider is opposite G, it will have no effect; but 
as it is moved from G toward B it will tend to counteract the 
buoyant effect of the water on a solid substance, such as a piece of 
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metal, and if the rider is of a suitable weight, it may be so placed 
as to do this exactly. Suppose this to be accomphshed: if the 
piece of metal be removed from the pan, and another piece of the 
same metal but of larger size substituted, the supporting nuts 
E and F must be moved toward G to make the instrument balance; 
the total buoyant effect of the water on the larger piece will be 
greater, but will be exerted with less leverage as regards the rider, 
so that the latter will remain in the same place on the beam. If, 
however, a piece of another metal of the same weight but different 
density be substituted, the rider must be moved. Therefore, the 
point at which the rider rests on the beam will indicate a certain 
density of the body which is placed on K, and the beam may be 
graduated accordingly. 

If the rider, in the conditions described, weigh ten grams, if it is 
placed on the beam at the right of G, a distance equal to A G, 
and in that position the immersed body is balanced, it is obvious 
that the latter has a density equal to that of water; but if balancing 
is effected when the rider is opposite G, the density would be 
injfinite; that is, such a rider could be used for any substance with 
a density not less than that of water. This, however, would make 
the divisions on the beam inconveniently short; and it will be more 
convenient so to proportion the rider as to have longer scale- 
divisions, but a more restricted range. 

How this may be done is best shown in a particular case. Sup- 
pose it is desired to be able to determine the densities of alloys of 
tin and lead. Tin has a density of 7.30 and lead 11.34; these will 
be the extremes of the scale. We may, therefore, after balancing 
the substance under examination, begin by attaching to the ex- 
tremity B of the beam a small weight, nearly sufficient to counter- 
act the buoyant effect of water on tin; let this counterweight be 
1.11 grams, and let the rider be 270 milligrams; when this rider 
is also at B, it will correspond to a density of 7.25, but when it is 
at A it will correspond to a density of 11.9, thus giving a small 
range each side of the desired Umits. It is obvious that, after 
balancing the substance under examination, instead of adding a 
weight of 1.11 gm. at B, the original ten-gram weight may be 
moved along the beam from A to a point .111 of the distance from 
A to G; having this point marked on the beam, this may be better 
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than having an extra weight. It will further be obvious that in 
this case the rider traverses the whole beam, thus giving scale- 
divisions of sufficient extent. 

The value of any point on the scale may be determined as 
follows : Suppose the point chosen be three-fourths of the distance 
from A toward B; the total weight, estimated as at B, counter- 
acting the buoyant effect of water will be 1.11 gr.-|-i of .27 gm. = 
1.11+.2025 = 1.3125 gm. This operates against a weight equal 

to 10 gm. at B; and the density of the substance is = 7.62 

1.3125 

The density at any such point may be also found by this formula: 

C D 

I I I I I I r 





a = equivalent of weight at C after moving the weight (e.g. 8.89 

gm.). 
6= weight of original weight at C, the equivalent of which is 

supposed to be at D {e.g. 10 gm.) 
c= weight of rider {e.g. 0.27 gm.). 
2/ = any equal length division point, counting from D toward C. 

a; = sp. g. when rider is at j/, =- 



)- r(a-c)-|-cy1 



The following adjustments of the instrument must be provided: 
The surface at G which rests on the knife-edge must be adjustable 
vertically, so as to bring it into line with the knife-edges on E and 
F; and the bearings at the ends of the beam which carry the rod 
C D must be adjustable laterally, capable of a movement equal 
to the pitch of the screw, to make the nuts E ajxd F equidistant 
from G. Any other adjustments are obvious. It is also obvious 
that the instrument may be so designed as to operate with more 
than one rider; and that other mechanical means than screws may 
be used to move supports corresponding to the nuts E and F, as, 
for example, a cord or chain operated by suitable mechanism; 
also that a scale-pan may be attached at B, and weights used 
instead of or in combination with a rider. 



THE VOLUMETRIC DETERMINATION OF TITANIUM 

Bt Pobteb W. Shimbb and Edward B. Shqier 
Easton, Pennsylvania 

The volumetric determination of titanium has been the sub- 
ject of investigation by Pisani', Marignac*, Wells and Mitchell' 
Newton*, Knecht and Hibbert', Gallo', and Hinrichsen'. The 
main difficulties are that it is hard to get complete reduction of 
TiOa to TijOa and that special precautions must be observed to 
prevent the reoxidation of the reduced solution. The above 
named investigators reduce by adding zinc in the form of rods 
or otherwise to the solution contained in a flask through which 
a current of carbon dioxide is passed. Reduction by this method 
seems to be slow and often imperfect; Gallo, for instance, re- 
quires from five to twelve hours. 

Our contribution to the subject lies in the method of reduction, 
the elimination of the influence of vanadium, and certain de- 
tails as applied to the various ores and products. In our work 
we pass the hot sulphuric solution of titanium and iron through 
a very long reductor filled with amalgamated zinc, the receiving 
flask being filled with carbon dioxide before and after the re- 
duction; the time required for complete reduction need not be 
more than fifteen minutes. 

When both iron and titanium are to be determined the iron 
may be reduced by hydrogen sulphide and titrated with po- 
tassium permanganate after boiling off the hydrogen sulphide 
and cooling in an atmosphere of carbon dioxide. For titanium, 
the reduction is made in the long reductor and both elements 
are titrated together with potassium permanganate. When 
titanium alone is to be determined it is better to use a standard- 

■Compt. Rend., S9, 298. 
'Zeitschr. Anal. Chem., 7, 112. 
•Jour. Amer. Chem. Soc, 17, 878. 
*Amer. Jour, of Science, (4), Z5, 130. 
•Ber., SB, 166; 37, 3475. 
•Chem. Abstracts, IS, 968. 
'Chem. Ztg., 31, 938, 1907. 
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ized solution of ferric ammonium sulphate, using a saturated 
solution of potassimn thiocynate as an indicator. 

The special apparatus required consists simply of the reductor 
and a carbon dioxide generator. The reductor is a piece of glass 
tubing three feet in length and three eighths of an inch in internal 
diameter, drawn out at the lower end, in which is placed a little 
glass wool. The upper end is connected by rubber tubing to a 
four-inch funnel. The reductor is suspended at such a height 
as to allow the gas bottle, when attached to it, to swing clear of 
the table. The reductor is filled with amalgamated zinc of a 
size that passes through a 10-mesh sieve and remains on one of 
20 mesh; finer zinc is apt to clog the tube. A twenty-inch re- 
ductor of this simple form was described and figured by one of 
us in Vol. 21, p. 723, of the Jour. Amer. Chem. Soc. It may 
be stated, in passing, that the passage of a hot sulphuric mo- 
lybdate solution through this twenty-inch reductor, previously 
heated, reduces M0O3 completely to M02O3. 

The lower end of the reductor passes through a two-hole 
stopper far enough to reach half way to the bottom of a 500 cc. 
gas bottle. The gas bottle is connected with suction provided 
with a valve or clamp to regulate the rate of passage through 
the reductor. 

Before making a titanic reduction it is necessary to wash out 
the reductor with hot dilute sulphuric acid; this heats the zinc 
and makes the reduction more effective. The next step is to 
fill the gas bottle with carbon dioxide. Now connect the re- 
ductor and draw the hot sulphuric solution of titanium and iron 
through it, but not faster than by rapid dropping. Wash sev- 
eral times with hot water containing a little sulphiu-ic acid, dis- 
connect the gas bottle and quickly pass a rapid stream of carbon 
dioxide through it. When the air has been completely expelled 
add at least 5 cc. of a saturated solution of potassium thiocyanate 
and titrate with the ferric solution. The end reaction is rather 
slow and the solution must be added until the brownish color 
remains for at least a minute. 

The ferric solution is made by dissolving 30 grams of pure 
ferric-ammonimn sulphate in 1000 cc. of water acidified with 
sulphuric acid. Permanganate solution must be added drop by 
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drop as long as the pink color disappears. This solution may be 
diluted to any point desired for the special work in hand; for 
most of the work of this investigation it was diluted with an equal 
bulk of water. 

To illustrate the influence of the manner of reduction the fol- 
lowing experiments will suffice: — 50 cc. of a standard titanium 
solution, reduced in a 20-inch reductor, without use of carbon 
dioxide, required 16.00 cc. of ferric solution. Another 50 cc, 
put through the same reductor with use of carbon dioxide, took 
17.30 cc. of ferric solution. A third 50 cc. put through the 36- 
inch reductor with use of carbon dioxide, required 18.65 cc. the 
correct amount, showing the necessity of using the long reduc- 
tor, and carbon dioxide to prevent reoxidation. 

Analysis of Rutile. A sample of purified rutile, weighing .1037 
gr., was fused with potassium bisulphate. The fused mass was 
dissolved out of the deep crucible in a mixture of 15 cc. of sul- 
phuric acid (1:1) and water by aid of carefully applied heat. 
The solution, after filtering off a slight insoluble residue, was 
transferred to a 500 cc. gas bottle and hydrogen sulphide was 
passed through for half an hour. The hydrogen sulphide was 
boiled off and, after cooling, the iron was titrated with potassium 
permanganate. After this titration the solution was heated to 
near boiling and passed slowly through the long reductor, pre- 
viously heated by passing hot water acidified with svilphuric 
acid, through it. The gas bottle, as always, was filled with car- 
bon dioxide both before and after the reduction. Five cc. of a 
saturated solution of potassium thiocyanate was added and the 
solution was titrated with the ferric solution, of which 41.38 cc. 
was taken. The calculation follows:— 50 cc. ferric solution, 
when reduced, requires for its oxidation 13.90 cc. of permanga- 
nate solution whose strength against iron is .006095. One cubic 
centimeter of the ferric solution therefore contains .0016944 gram 
of iron. Dividing this figure by .697 we get .002431, the strength 
of the ferric solution against TiOj. Therefore:— 

4JL38>O00243O<100 = 97.01% TiO,. 
.1037 
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The result of the analysis was: — 

Titanic acid. 97.01% 

Oxide of iron 1.52% 

Insoluble residue 1.40% 



99.93% 



Titanic acid was determined in a sample of argillaceous lime- 
stone in which the Bureau of Standards found .230% and .210% 
of TiOa. Three samples of one gram each were intimately mixed 
with .5 gr. of sodium carbonate and heated over the Meker 
burner. The sintered mass was dissolved in hydrochloric acid, 
precipitated with ammonia, filtered and washed with hot water, 
dissolved in dilute sulphuric acid and put through the reductor 
in the usual way. The results were .212%,. 223% and .200% TiOj. 

Titanium was next determined in a sample of Goldschmidt 
Ferro= Titanium, crushed to pass through a 40-mesh sieve. 
Three samples of .3000 gr. each were dissolved in dilute sulphu- 
ric acid and peroxidized, while boiling, with a strong solution 
of potassiimi permanganate. The excess of permanganate was 
reduced with a little ferrous sulphate and the hot solution was 
passed through the reductor. The results were 21.28%, 21.31% 
and 21.27% of titanivun. 

Three samples of high titanic iron ore were next treated in the 
following manner: — Fused 1 gr. of each ore with potassium bi- 
sulphate and a little sodivun fluoride in a deep platinum crucible 
of 60 cc. capacity. Dissolved by aid of heat in the crucible in 
sulphuric acid and water, using about 20 cc. of (1:1) sulphuric 
acid diluted to 250 cc. and took out with a pipette two 100 cc. 
portions, each corresponding to .4 gram of the ore. Heated both 
portions to near boiling and reduced them in the long reductor. 
The first was titrated with permanganate and the result noted. 
The solution, after the titration, was saturated with hydrogen 
sulphide, the hydrogen sulphide was boiled off and the iron titra- 
ted, when cold, with permanganate. The other portion of the 
solution was reduced in the long reductor, with the precautions 
used in determining titanium, and titrated with ferric solution. 
The results in the three ores were as follows: — 
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B 


C 


56.00% . , 


. .. 34.02% 


56.17% . 


. .. 34.00% 


14.68% . , 


. .. 44.91% 


14.93% ., 


... 44.88% 



A 

Iron, direct (HjS) 50.59% . . 

Iron indirect 50.65% . 

Ti02 direct (ferric sol.) .... 21.75% . . 

TiOa indirect 21.84% . . 

The following work was done on the standard Magnetite on 
which the Bureau of Standards results are 1.01%, .98% and .99% 
TiOj. by different methods. Our gravimetric results on the 
sample by the Gooch method were .99%, .99% TiOj. For the 
volumetric determination we fused one gram with potassium 
bisulphate and a little sodium fluoride and put the hot sulphu- 
ric solution through the long reductor with the usual precautions. 
The result was 1.035% Ti02. This high result is accounted for 
by the fact that this ore contains .08% V2O3. In order to elim- 
inate the vanadium we fused an intimate mixture of the ore 
with four grams of sodium carbonate and four grams of sulphur 
in a porcelain crucible for 45 minutes over the Bunsen flame. The 
fused mass was dissolved out of the crucible with hot water and 
filtered. The filtrate contains the vanadimn, which, by the way, 
may be determined by acidifying the cold solution with sulphuric 
acid, filtering off the precipitated sulphide of vanadium, in- 
cinerating in a porcelain crucible, dissolving the VaOj in hydro- 
chloric acid (1.20 sp. gr.) and evaporating twice with the same 
acid — the last time with the addition of sulphuric acid — and 
titrating with a very dilute potassium permanganate solution. 

The above insoluble residue contains the iron and the titanium. 
It is treated on the filter with dilute sulphuric acid, which dis- 
solves the iron suphide and probably a part of the titanimn. 
The residue insoluble in sulphuric acid is incinerated in a platinmn 
crucible, fused with potassium bisulphate and a little sodiimi 
fluoride, and dissolved in sulphuric acid and water. This solu- 
tion is added to the solution of the iron and, after complete 
expulsion of the hydrogen sulphide, it is put through the re- 
ductor. The TiOa thus found was .996%. 

A sample of titanium carbide, weighing .1000 gr, was dis- 
solved in nitric acid: sulphuric acid was then added and the solu- 
tion was evaporated to fumes of SO3. The residue was dissolved 
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in hot water, filtered and put through the reductor. The results 
of the analysis of the carbide were: — 

Titanium Carbide (TiC) 88.28% 

Graphitic Residue 7.64% 

SiUcious Residue 3.10% 

Iron 97% 



Titanium was next determined in a sample of pig-iron con- 
taining vanadium. Five grams of the iron were dissolved in 
a mixture of 200 cc. of water and 20 cc. of hydrochloric acid (1.20 
sp. gr.). Immediately before filtering about 1 cc. of hydroflu- 
oric acid was added to the solution. The insoluble residue was 
filtered off, washed and transferred to a platimmi crucible in 
which the graphite -was burned off. The residue was carefully 
brushed out on a piece of glazed paper and the crucible, with 
the adhering residue, was set aside for use later. The residue 
on the glazed paper was well mixed with an excess of sodium car- 
bonate and sulphur and fused for half an hour in a porcelain 
crucible. Before using the crucible it must be carbon-coated by 
melting a little sugar or tar in it, rimning it around the sides, 
and finally igniting with the lid on. This prevents the fluxing 
of any part of the residue with the crucible glaze. The fused sul- 
phides are extracted with hot water- and filtered. The residue 
contains the titanium and the filtrate contains the vanadium; 
they arfe determined in the same way as described in the analy- 
sis of the magnetite. The iron was found to contain .370% 
titanium and .042% vanadium. This method is based on the 
well founded assimiption that all of the titaniimi in pig-iron is 
found in the residue insoluble in hydrochloric acid. 

On the determination of titaniimi in steel the following tests 
were niiade: — One gram of plain .60% carbon steel was dissolved 
in sulphuric acid and peroxidized, while boiling, with potassium 
permanganate. The precipitated Mn02 was reduced by ferrous 
sulphate solution. Added a measured amount of standard ti- 
tanium solution. The solution was put tvrice through the long 
reductor with all the precautions. We found that, when there 
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is a large excess of iron, as in the determinatioa of titanium in 
steel, a single passage through the reductor does not suffice. 
The results of three tests using 5, 10 and 15 cc of the titanium 
solution were as follows: — 

No. 1— Titanium taken. ... 00032 gr Ti found 00032 gr 

No. 2— Titanium taken 00064 gr Ti found 00065 gr 

No. 3— Titanium taken 00096 gr Ti found 00095 gr 

We next dissolved 5 grs. of a plain .20% carbon steel in sul- 
phuric acid and peroxidized with potassium permanganate and 
reduced the excess with ferrous sulphate. To this solution was 
added 25 cc. of the same titanium solution and it was passed 
tmce through the long reductor. 

Results:— Ti taken 0016 gr Ti found 0016 gr 

We next dissolved 3 gr. of a plain .60% carbon steel in 20 cc. 
(1:1) sulphuric acid and 100 cc. of water, oxidized with per- 
manganate as before and added 100 cc. of titanium solution. 
Evaporated to 120 cc. reduced, heated the reduced solution to boil- 
ing in the gas bottle containing an atmosphere of carbon dioxide 
and reduced again, using carbon dioxide each time. 

Result :— Ti taken 0064 gr Ti found 0062 gr 



A SPECTROSCOPIC METHOD FOR THE DETERMINA- 
TION OF LITHIUM 

By W. W. Skinner and W. D. Collins 
Washington, D. C. 



introduction 

In the examination of mineral waters for lithium there is need 
of a method by which small amounts of this substance may be 
determined with reasonable accuracy when only relatively small 
amoimts (from one to five liters) of water are available for this 
detennination in the general scheme of a complete mineral water 
analysis. Where the amount of lithium present is as small as 
0.001 mg. per liter, the evaporation of a quantity of water large 
enough to give a weighable quantity of lithium salt consumes so 
much time and gives su'ch large quantities of other salts that it 
seems better to use a small quantity of water and determine the 
lithium spectroscopically after it is separated from the other 
constituents. 

In such cases the separation from the other substances in the 
water is carried out according to the provisional method of the 
Association of OflBcial Agricultural Chemists* first proposed by 
Gooch*. The spectroscopic detennination is made on a solution 
of the sulphates of lithium, sodium and potassium obtained by the 
Gooch method of separation with amyl alcohoP. A preliminary 
paper by one of the authors* gave a brief outline and review of the 
work, making use of the spectroscope in the quantitative deter- 
mination of hthium and the effect of the masking of the red 
lithium line by various amounts of sodium and potassium. In 
this paper is given a review of methods which have been considered 
or tested and a method developed by the authors for the determi- 

lU. S. Dept. An:., Bureau of Chemistry Bui. 153. 
«Amer. Chem. J., 1887, 9: 33-51. 

'For a comprehensive review of the literature of the subject, together with 
certain experimental data, refer to Bureau of Chemistry, U. S. D. A., Bui. 153. 
^Skinner. -A spectroscopic method for the determination of hthium. 

453 



454 Original Communications: EigMh International [vol. 

nation by the spectroscope of the small amount of Uthium usually 
found in mineral waters and in some other substances. 

HISTORICAL DATA 

As early as 1826 Talbot^ suggested that the various color lines 
in the spectrum were due to the different metals and were char- 
acteristic of them, and in 1836'' suggested the measurement of 
the relative positions of the bright and dark lines. Although 
Swan' in 1856 had suggested the use of the collimator, the first 
comprehensive work on spectrum observations was issued by Kir- 
choff and Bunsen^ in 1860. They made some accurate measure- 
ments of the sensitiveness of the tests with the spectroscope and 
were able to observe .00000006 mg. of sodium, .000002 mg. of 
lithium, .0003 mg. of potassium, .00003 mg. of strontiiun, .00002 
of calcium and .0003 mg. of barium. They reported also the pres- 
ence of lithium in a large number of substances; in the ash of vari- 
ous plants, in minerals, and in many waters. CappeP in 1870, 
using a spark spectrum, was able to detect .000000025 mg. of 
hthium which was considerably less than the amoimt detected by 
Kirchoff and Bunsen. Others who worked on the same subject 
were Mitscherlich, Brassack, Church, Janssen, Champion, Pellet 
and Grenier, Lockyer and Roberts, and Truchot. The latter 
made some determinations of lithium in waters by comparing the 
intensity and duration of the lithium hne obtained from the sample 
with that obtained from standards. This method has been used 
by us with the modification that the standards contained in addi- 
tion to the Uthium different amounts of sodium chlorid, either 
ten or 100 mg. per cubic centimeter, and the mixed chlorids ob- 
tained in the analyses which were to be tested for lithium were 
dissolved in such an amount of water that the solution contained 
either ten or 100 mg. per cubic centimeter. Using a straight 
wire, .01 mg. of hthium per cubic centimeter was about the low- 
est limit with a solution of lithium chlorid alone. When the 
solution of this strength contained 100 mg. of sodium chlorid, the 

lEdin. J. Sci., 1826, 5: 77. 
=Pha. Mag., 1836, (3) 9: 3. 
'Phil. Mag., 1860, (4) 20: 173. 
•Fogg. Ann., 1860, 110: 161-189. 
'Pogg. Ann., 1870, 139: 628-639. 
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lithium was very much more diflScult to see. The use of the small 
coil of wire suggested by Truchot by which a unifonn drop of 
liquid is picked up each time is an improvement. 

TABLE I 

Determination op Lithidm by Modified Method op Truchot 
With no Sodium Chlorid 



s? 


Lithium found by comparison 


^8 


Lithium found by oomparison 


IR 


with standard oontaining 




with standards oontaming 


the same amount of 


the same amount of 




sodium ohlorid 


sodium chlorid 


li 




Il 












p 


Analyst A 


Analyst B 




Analyst A 


Analyst B 
















1st day 


2d day 




3 


1st day 


2d day 




0.70 


0.50 


0.50 


0.50 


1.00 


0.80 


0.90 


0.80 


.20 


.10 


.10 


.30 


.05 


.08 


.05 


.04 


.80 


.70 


.80 


1.00 


.80 


1.00 


.80 


1.00 


.01 


.02 


.01 


.01 


.40 


.60 


.50 


.20 


.05 


.03 


.03 


.05 


.01 


.01 

k — 


.01 


.01 



With 10 mg. Sodium Chlorid per Cubic Centimeter 



0.01 


0.03 


0.02 


0.01 


0.05 


0.06 


0.10 


0.10 


.01 


.02 


.02 


.01 


.70 


.80 


.50 


.50 


.50 


.50 


.50 


.30 


.40 


.80 


.50 


.40 


.20 


.20 


.40 


.30 


.10 


.10 


.20 


.08 


1.00 


.90 


1.00 


1.00 


.30 


.20 ■ 


.25 


.25 



With 100 mq. Sodium Chlorid per Cubic Centimeter 



1.00 


0.80 




1.00 


0.10 


0.06 




0.20 


1.00 


.90 




1.00 


.01 


.04 




.00 


.80 


.60 




1.00 


.02 


.06 




.06 


.20 


.10 




.05 


.03 


.03 




.02 


.50 


.50 




.25 


.04 


.02 




.01 



In Table I' are given some results showing the relative accuracy 
of readings made vmder strictly uniform conditions, using a 
straight wire and Bunsen lamp. Results are given on standards 

■ Skinner. "A spectroscopic method for the determination of lithium," 
a paper read at the meeting of American Association for the Advancement of 
Science, 1908. 
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of known amounts of lithium chlorid without the addition of 
sodiimi chlorid, with varying amounts of lithium chlorid plus 
ten mg. of sodium chlorid per cubic centimeter, and with varying 
amounts of lithium chlorid plus 100 mg. of sodiinn chlorid per 
cubic centimeter. The masking due to potassiimi was tested and 
found to be very much less than that due to sodium; therefore, in 
view of the small amounts of potassium usually found in mineral 
waters as compared with sodium, the effect of potassium was not 
studied further. 

In order to avoid the personal equation as much as possible, the 
solutions were prepared by an assistant and read by two persons 
imacquainted with the value of the solutions, one analyst making 
two sets of observations but on different days. A preliminary 
test of the unknown solution at once showed whether the standards 
to be used for comparison should be the set containing ten mg. of 
sodium chlorid per cubic centimeter or that containing 100 mg. 
of sodium chlorid per cubic centimeter. The appropriate set 
of standards for comparison was then selected. These standards 
were prepared in sets containing amounts of lithium varying from 
0.01 to 1.00 mg. per cubic centimeter, and the comparisons made 
in a manner suggested by the comparison of colorimetric standards. 

Ballmann^ diluted a solution containing a known amount of 
lithivun imtil the Hthium line could not be seen in the spectroscope, 
and then diluted the unknown solution to the point where the line 
could not be seen. By considering the concentration of lithium 
the same in both cases he was able to calculate the amount in the 
unknown solution. In his experiments the lithium line was seen 
easily with a volume of 1,320 cc, seen faintly twice and missed 
once when the volume was 1,340 cc, and with a volume of 1,360 
cc. could not be seen at all. This would appear to make the error 
of the method about two per cent. The lithium line could not be 
seen when one mg. of lithium chlorid was made up to 3,345 cc. 
(0.0003 mg. in 1 cc). Ballmann used a spiral loop ,2.5 mm. in 
diameter and 3.5 mm. along the axis. 

Jones* described some experimental work which led him to the 
conclusion that satisfactory quantitative determinations could not 
be made by the spectroscope. 

iZts. anal. Chem., 1875, 14: 297. 
^Chem. News, 1876, 34: 122. 
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The method published by BelP is the same as that of BaUmami. 
Foehr', commenting on Bell's' paper, stated that he himself had 
made many experiments on quantitative analysis by the spectro- 
scope, but did not obtain as good results as those reported by Bell. 
Instead of diluting until the spectnmi failed to appear, he added a 
solution of the substance a little at a time to pure water, testing 
the mixture by means of the spectroscope after each addition. 
The endpoint was the concentration at which the spectrum first 
appeared and was found to be much sharper by this method. 

Nasini and Anderlini^ determined lithium in a thermal water by 
the method of Foehr. At another time' in the analysis of a brine 
they used this method on the original water, first obtaining a 
rough approximation as to the amount and then making up a 
solution with a known amoimt of lithium and about the same 
content of other substances as the water under examination. 
When this solution was added to distilled water and tested with 
the spectroscope the amount of lithium present when the lithium 
line first appeared was different from the amount required when 
no other salts were present. They noted the necessity of having 
the wires and drops of uniform size, of keeping the Bunsen burner 
flame of constant size, and of always placing the wire in the same 
part of the flame. 

Ranzoli* compared the spectroscopic and gravimetric methods 
for lithium, determining the lithium by Foehr's method and found 
0.52078, 0.51688 and 0.5151 gram of lithium chlorid instead of 
0.54 gram, the average being 4.15 per cent. low. Then he used 
the method as modified by Nasini and Anderlini' and found 
0.53612 and 0.53914 instead of 0.5400 gram. On some solutions 
of unknown lithium content he obtained 0.2708 gram when the 
solution contained 0.2700 and obtained 0.18953 gram from a 
solution containing 0.189 gram. The average error on the three 
solutions was 0.3d5 per cent. Ranzoli advocated the use of this 
method in preference to the gravimetric method for all waters, 



■Amer. Chem. J., 1885, 7: 35. 
•Chem. Ztg., 1885, 9: 1013. 
■Amer. Chem. J., 1885, 7: 35. 
«Gaz. chim. ital., 1894, 24 Q.) 
'Gaz. chim. ital., 1890, 30 Q.) 
•Gaz. chim. ital., 1901, 31 (1) 
'Gaz. chim. ital., 1890, 30 (l) 
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as the determination is made on the original water added to dis- 
tilled water and there is no chance for loss or gain of Uthium in 
manipulation. 

Ranzoli^, Hermann^ and Nutting' also worked along similar 
lines. 

Abati^ determined the Uthimn in a mineral water by the method 
of Nasini and Anderlini. The water to be examined was diluted 
until the Hthium Une was barely visible. This diluted solution 
was added, a little at a time, to 25 cc. of distilled water until the 
hne appeared in the spectroscope. A standard solution was made 
up of approximately the same composition as the water sample, 
but with a known amoimt of Hthium. When 147 cc. of this solu- 
tion was added to 25 cc. of distilled water the lithium Une could 
not be seen. With 148 cc. one trial gave the hthium line, while 
with 149 cc. the majority of the drops taken showed the line, and 
when 150 cc. were added every drop gave the line. One himdred 
and forty-seven cubic centimeters of the water mixed with 25 cc. 
of distilled water failed to show the hthivun hne; with 146 cc. 
added the Une appeared in a majority of the trials and with 149 cc. 
added, it was shown by every drop. These readings would indi- 
cate an error of less than one per cent in the determination, which 
is a greater accuracy than we have regularly obtained when work- 
ing with this method. 

While Nasini and AnderUni, RanzoU and Abati all recorded most 

excellent results by the method proposed by Nasini and AnderUni, 

such close results have not been obtained by us when using this 

method. When, therefore, Uthium is present in weighable amounts 

and reasonable quantities of water are available for examination, 

the amyl alcohol separation is preferred. For the estimation of 

Uthium in many waters on which work has been done, the method 

of Nasini and AnderUni could not be used because the waters 

contained so Uttle Uthium that the spectrum could not be obtained 

from the water without considerable concentration. As in most of 

our work complete analyses are required, the alkaUne chlorids 

are obtained pure, so that it is very Uttle trouble to separate the 

>Gaz. chim. ital., 1901, 31 (L): 40-48. 

^Uber das Vorkommen des Lithions im menschlichen Organismus, 1905. 

'Astrophys J., 1905, 22: 131-137. 

'Gaz. chim. ital., 1906, 36 (II): 855-860. 
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lithium by amyl alcohol, and when it is separated the lithium can 
be determined by the spectroscope. The extraction by amyl 
alcohol from the solution of the chlorids seems the only way likely 
to give all the lithium when the total amoimt is less than one mg. 
On account of the fact that the lithivun always remains in solution, 
there is no serious trouble from either of the difficulties mentioned 
by Ranzoli as objections to the gravimetric methods. 

PBOPOSED METHOD WITH EXPERIMENTAL DATA 

After the preparation of the sulphates of sodium, lithium and 
potassium for weighing, they are dissolved in a small amount of 
water, from one to ten cc. according to the amounts of lithium 
expected to be foimd. By trying the solutions in the flame before 
the spectroscope it was quickly determined whether to dilute 
to the vanishing point of the lithium line, as did Ballmann' and 
BelF, or whether to make to a volimie of 25 to 100 cc. and add to 
distilled water as Foehr did. In consideration of the errors of 
observation, it has not seemed worth while to add sodium and 
potassium sulphates to the lithium solution used for comparison. 
The potassium and sodium sulphates are rarely present to the 
amount of more than 0.0005 gram each or at the most 0.0010 gram 
each. In most cases the potassium spectrum does not appear at 
all in the work and the sodium line is not much brighter than it is 
in the lithium solution of known strength which has been kept 
in a glass bottle for a short time. The spectroscope used in the 
investigations is an ordinary high-grade instrument made by 
Kriiss. The scale is illuminated by a small electric light, and 
switches under the edge of the table enable the observer to illumi- 
nate the scale or the room without moving. 

Most of the experimental work has been done with a Bunsen 
burner having a rather small tip, which makes the flame steadier. 
A porcelain burner was used to eliminate the copper lines which 
occasionally appeared, but as in most of the work the telescopes 
were set so as to have the sodium Une just barely out of the field, 
no other spectra came into view to interfere with the observation 
of the lithium line. A hydrogen flame, which, from some pre- 
liminary trials, gave promise of overcoming several difficulties 

>Zts. anal. Chem., 1875, 14: 297. 
'Amer. Chem. J., 1885, 7: 35. 
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encountered with other sources of heat was also used. With 
the burner which was devised for use with hydrogen and the 
apparatus for supplying the gas the variations in the intensity of 
the flame over a period of several hours could not be controlled 
as well as could be done with a Bunsen burner and ordinary gas, 
and it as finally concluded that the advantages of the hydrogen 
flame were not sufficient to warrant an elaborate apparatus for 
controlling and supplying the gas at fairly constant pressure over 
extended periods of time. 

To bring the solution into the flame, platinum wires are used 
which are formed into cylinders at the ends by winding four times 
about a No. 10 wire. The four turns lie close together making 
almost a sohd cylinder, and drops picked up in these loops are very 
constant in weight, some of the first loops used containing 0.010 
to 0.012 gram of water. The cold loop is carefully plunged into 
the solution and taken out with the axis of the cylinder parallel 
to the surface of the water. The drop of water is carefully evapo- 
rated by placing it at such a distance above a flame that it is vapor- 
ized without spattering. The loop is then brought into the flame, 
usually after being warmed a little. With the apparatus used 
regularly by the authors, different observers usually have about 
the same hmit for the amoimt of lithium which will barely show the 
Uthium line. This varies from 0.000015 to 0.000025 mg. per cc. 
when no large amoimts of other alkalies are present. 

There is a possible chance for some slight variation in the 
amount of solution taken up by the loop, but weighings of the 
amounts taken up in many successive trials indicated that this is a 
wholly negligible source of error. The bringing of the loop into 
the flame is probably the chief source of error. None of the authors 
using a platiniun wire made any mention of the difficulty of ac- 
complishing this in a uniform manner. If the loop is made of 
moderately fime platinmn wire, the wire is not likely to be per- 
fectly straight, so that if it is held in a stand great care is needed 
to have the loop always at the same height. It would be entirely 
feasible to arrange a mechanical holder which would insure the 
proper placing of the loop in the flame, but it has been found more 
convenient to have one person put the loop into the flame while 
another makes the observation. With care and experience the one 
handling the wire can place it in the flame with loop always at 
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the same height, using some object or part of the spectroscope as a 
gauge. When nearly at the limit of visibility of the lithium line 
he can make the line appear or not by varying the vertical position 
of the loop in the flame less than a centimeter. The position of 
the loop in the horizontal section of the flame also affects the bril- 
liancy of the lithium line, probably due in part to the distance from 
the slit. It requires some practice and skill, therefore, on the 
part of the assistant holding the wire if concordant results are to be 
obtained. 

In fact, the success of the observations depends upon maintain- 
ing strictly comparable conditions throughout an observation on 
both standard and unlmown solutions. One of the chief reasons 
for trying the hydrogen flame was to lessen the variations due to 
the uncertainty of the position of the loop before the slit. With 
the conveniences at hand for controlling the supply of hydrogen, 
however, there were greater irregularities introduced by the vary- 
ing size of the flame than were due to the position of the loop in 
the flame. With the use of illuminating gas it has been found 
that the pressure varies during the day so as to cause some shght 
irregularity in the minimum amount of lithium necessary to pro- 
duce a spectrum and it is desirable to check the standard fre- 
quently. The distance from the slit in the collimator to the 
flame is a factor which may be kept constant, as may the width of 
the sUt. The following figures show something of the effect of 
the width of the slit on the sensitiveness of the test. These trials 
were made with the hydrogen flame. 

Effect of the Width of Slit of Columatoh on the 

Sensitiveness of the Test 



21 



25 



ll 






.5' 
O 






h 






■=1 
"si 



•2a s 

£3 8 



n 



g-3 



t3' 



mm. 

0.04 
.06 
.08 
.12 
.04 



mg. 

0.000058 
.000022 
.000017 
.000010 
.00007 



mm. 

0.05 
.06 
.08 
.10 
.12 



mg. 

0.00006 
.00004 
.000019 
.000015 
.000014 



mm. 

0.14 
.16 
.18 
.18 
.20 



mg. 

0.000014 
.000013 
.000013 
.000010 
.000011 



mm. 

0.24 
.30 
.20 
.16 
.12 



mg. 

0.000012 
.000010 
.000010 
.000012 
.000015 
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Up to the width of 0.2 mm. the lithium Une is visible with smaller 
amomits of lithimn as the sUt is made wider. If used wider than 
0.2 mm. there is no very noticeable increase in brilliancy in the 
lithium Une, while if other salts are present the light from them is 
so bright as to interfere seriously with the observation of the 
lithium. As the whole method rests upon the fact of the 6bserver 
seeing or not seeing the lithimn line, there enters also a question 
of the personal equation. In all experiments it is possible to keep 
the mind of the observer free from bias. No eJBfect of the observ- 
er's desire or expectation has been noted on the visibility of the 
lithimn Une and so no special effort has been made to keep him in 
ignorance. There has been an attempt to make the dilutions such 
that the relations could not be readily calculated, so that each 
determination of Umiting concentration was independent of the 
others on the same solution. 

While working at determinations with the spectroscope the ele- 
ment of fatigue enters as Jones^ observed and the eye may become 
less sensitive. On the other hand, up to a certain time it is quite 
Ukely that the eye becomes more sensitive with practice. If a 
complete determination could be carried out with trials at only 
six or seven dilutions as given by Abati^, it is not Ukely at any 
time that the condition of the observer would enter very largely 
into the results, but it usually requires a mmiber of trials to come 
anywhere near the proper dilutions where the final trials may be 
made. The suggestions given in the following description of the 
method should therefore be carefully observed. 

To show what results could be obtained by the method outUned, 
four samples were taken through the regular procedure for the 
determination of Uthium when present in small quantities; that is, 
the siUca, sulphates, iron, aluminum, calcium and magnesium 
were removed in the usual way and the mixed chlorids were ex- 
tracted with amyl alcohol and the extracted residue converted 
into sulphates. No. 1 was 250 cc. of the laboratory distilled 
,water. No. 2 was 250 cc. of a mineral water at hand in the 
laboratory containing chiefly calcium sulphate with small amounts 
of sodium and potassimn and a very small amoimt of Uthium. 

•Chem. News, 1876, 34: 122. 

'Gaz. chim. ital., 1906, 36: (II): 855-60. 
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No. 3 was 250 cc. of the same water as No. 2 ib which was added 
0.0028 mg. of lithium as sulphate. No. 4 was 250 cc. of the same 
water as No. 2 with 0.0056 mg. of lithium as sulphate added. 

The usual procedure in making a complete analysis was carried 
out and the sulphates of lithium, sodium and potassium were 
dissolved in definite quantities of water. The ordinary chemicals 
in use in the laboratory were employed in the various separations. 
It was known that these chemicals are frequently contaminated 
with very small quantities of lithium; in fact, it has been necessary 
to reject samples of calcium oxid and barium hydroxid which were 
found to contain excessive amounts of lithium. Where the lithium 
is present, however, in only very minute traces, it is generally 
better to use definite amounts of chemicals in making the various 
separations, always running a blank along with the unknowns and 
subtracting the corrections obtained in the blank, rather than to 
attempt to obtain chemicals which are entirely free of such minute 
amounts of lithium as can be detected by the spectroscope. 

A standard solution of lithium sulphate was made containing 
0.000113 mg. per cubic centimeter of lithium. This standard 
solution was added a little at a time to small quantities of distilled 
water which was known to be free from lithium, and the resulting 
solution tested. With 15 cc. of water and 1 cc. and 2 cc. of the 
above standard lithium solution, the red Uthium line failed to 
appear in two trials. With 15 cc. of water and 3 cc. of the stand- 
ard solution, the line appeared strongly once, moderately twice, 
was doubtful once, and failed to appear twice. This was taken 
for the limit of concentration and was equivalent to 0.000019 mg. 
of lithium per cubic centimeter. This determination was checked 
by taking a larger quantity of water, namely 25 cc, to which were 
added small amounts of the standard lithium solution, a spectro- 
scopic observation being made after each addition. When to the 
25 cc. of water had been added 5.5 cc. of the standard solution, the 
red line was again just visible, which indicated that the limit was 
again reached. This corresponded to 0.000020 mg. per cubic 
centimeter. The limit was checked a third time, using 45 cc. of 
water with gradual additions of the standard lithium solution, 
when it was found that the line faintly appeared when 9 cc. had 
been added, making the limit equivalent to 0.000019 mg. per cubic 
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centimeter. The average of the three determinations showed the 
limit to be for the particular conditions under which the experi- 
ments were conducted, 0.000019 mg. per cubic centimeter. 

It is desirable always to make an observation of the limit at the 
beginning and at the end of each series of determinations. Samples 
1 and 2 were made up to a volume of 10 cc. and 5 cc. of the solu- 
tion diluted until the lithium line just disappeared. No. 1 showed 
the line with 5 cc. of the solution plus 15 cc. of water.' When the 
water was increased to 20 cc. the line could no longer be detected. 
Five cubic centimeters of No. 2 showed the hne when 35 cc. of 
water were added, but not when 40 cc. were added. In the case 
of No. 1, therefore, when the original 10 cc. had been increased 
in volume to 40 cc, the concentration of the hthium was the same 
as in the standard solution when the lithiimi line could barely be 
seen. The total amount of Uthiimi present, therefore, was 40. 
times the amoimt in 1 cc. of the diluted standard solution, that is, 
40 multiplied by 0.000019, equivalent to 0.0008 mg. of lithium. 
This is the blank and represents the amount of lithium obtained 
from the reagents used in making the separations. Using the 
same methods of dilution. No. 2 was found to contain 0.0016 mg. 
In the examination of these two samples, the dilution method 
was used rather than the addition of the unknown solution to a 
definite quantity of water until the appearance of the lithiima line, 
which is the regular method. 

The residues from Nos. 3 and 4 were dissolved in water and made 
up to 100 cc. each, and designated as solutions 3 and 4, respectively. 
The examination of these solutions was not made on the same day 
with Nos. 1 and 2, hence a new determination of the observable 
limit was made. Using the method as described before, the limit 
at this time was found to be 0.0000168 mg. of lithium instead of 
the 0.000019 foimd on the previous day. The determination was 
made by adding to 17 cc. of distilled water, portions of solution 3, 
1 cc. or 0.5 cc. at a time, the mixtures being examined after each 
addition. When 9 cc. of solution 3 had been added, the lithiiun 
line was observed very faintly once in five trials, showing that the 
limit had very nearly been reached. When 9.5 cc. had been added, 
the line appeared three times in four trials, which was regarded as 
the limit. Therefore it will be seen that 174-9.5 = 26.5 cubic 
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centimeters, each of which contained the equivalent of the ob- 
served limit, that is, 0.0000168 mg. of lithium or 0.0004452 mg. 
in 9.5 cc. of solution 3. Hence, 1 cc. of solution 3 contained 
0.000047 mg. of lithimn or the 100 cc, the whole amoimt, contained 
0.0047. When the blank which is equivalent to the amount found 
in No. 2, 0.0016 mg., is subtracted from the amovmt found in No. 3, 
there remains 0.0031 instead of 0.0028 mg. of Uthium known to 
have been added to the original sample. In the case of solution 4, 
10 cc. of distilled water was taken and 3 cc. of the solution added. 
Observation of this mixture gave the line faintly twice out of five 
trials. When 3.5 cc. was added, the Une was seen in each of the 
three trials, from which it will be seen that 10 + 3.5 = 13.5 cubic 
centimeters each of which contained the observed limit of 0.0000168 
mg. of lithium. The value of the 13.5 cc. was therefore 0.000227 
mg., which is equivalent to the amount in 3.5 cc. of solution 4. 
One cubic centimeter of solution 4 is therefore equivalent to 
0.000065 mg. and the total 100 cc. contained 0.0065 mg. When 
the blank determination in No. 2 which is equivalent to 0.0016 
is subtracted from the above figure, there remains 0.0049 mg. 
instead of the 0.0056 mg. known to have been added. These 
results are shown in the following tables: 



Determination of LirnrnM Added to Mineral Water (Combined 
Amtl Alcohol and Spectroscopic Method) 



Number 
of 


Volume of 
solution of 
sulphateo 


Used when Uthium line was 
barely visible 


Lithium per cc. 

to barely show 

Uthium line 


Lithium used 
in test 


Bolution 


Sulphate 
Bolution 


Water 


Total 




A 


B 


C 


C 


D 


CiD = E 


1 
2 
3 
4 


CC. 

10 

10 

100 

100 


CC. 

5 
5 

9.5 
3.5 


CC. 

15 
35 
17 
10 


CC. 

20 
40 
26.5 
13.5 


mg. 

0.000019 
.000019 
.0000168 
.0000168 


mg. 

0.0004 
.0008 
.000445 
.000227 
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Lithium per cc. 

of sulphate 

solution 


Total lithium in 
sulphate solution 


Lithium found in 
mineral water 

subtracted 


Added lithium 
found 


Amount of 
lithium added 


l=- 


AxF 








mg. 

0.00008 
.00016 
.000047 
.000065 


mg. 

0.0008 
.0016 
.0047 
.0065 


mg. 

6.6668 

.0039 
.0057 


mg. 

6.663i 

.0049 


mg. 

6.6628 
.0056 



Wliile in work of this character it would have been better to 
use chemicals which were entirely free from even the most 
minute traces of lithium, it may be well to add that blanks should 
always be made and that in this case the blank obtained of 0.0008 
mg. is the largest blank determination ever found in any of the 
authors' work. From the above data it will be seen that 250 cc. 
of the original mineral water after subtracting the blank contained 
0.0008 mg. of Uthium or 0.003 mg. per liter. Several determina- 
tions of the lithium in two Uters of other samples of the same water 
gave figures of less than 0.005 mg. of lithium per liter. The use 
of the combined amyl alcohol and spectroscopic method on some 
samples of soil gave the following results on the air-dried soils: 

REsuiiTS ON Aib-Dried Soils from the Use of Combined Amyl Alcohol 

AND SpBCTBOSCOPIC METHOD 



Number and weight 
of soil 


Total lithium 


Lithium 


Lithium oxid 


Grams. 


mg. 


Per cent. 


Per cent. 


No.l: 








10 


0.15 


0.0015 


0.0032 


5 


.08 


.0016 


.0034 


No. 2: 








HO 


. .12 


.0012 


.0026 




1.14 


.0014 


.0030 


■5 


f.07 


.0014 


.0030 




.08 


.0016 


.0034 


No. 8: 








5 


,.08 


.0016 


.0034 


>5 


.07 


.0014 


.0030 




.08 


.0016 


.0034 


0.1 


.0015 


.0015 


.0032 



1 Two detenuinatLons by the spectroscope of the amount of lithium in the same sample. 
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As a regular practice in analytical work, the approximate 
determination of lithium in the nuxed cblorids obtained in water 
analyses saves very much time by indicating whether it is worth 
while to extract the lithium for weighing. A similar test is regu- 
larly made on the solution in nitric acid of the oxids of the calcium 
and strontium. By making the solution to a definite volume it is 
easy to tell whether there is enough strontiimi present to separate 
and weigh. Though potassiimi is generally determined in all 
complete mineral water analyses, it is occasionally desired to 
obtain a close approximation of the amount present in some sub- 
stance where the information is not worth the trouble and expense 
of a gravimetric determination. In many of these cases relatively 
large percentage errors are of no consequence. It is often, how- 
ever, very desirable to be able to say that there is present 0.001 mg. 
or 0.03 mg. rather than report each amount as "trace" or "spectro- 
scopic trace," which may be done if the hnes are seen in the 
spectroscope without any idea as to the amount of the material 
required to produce the line. With the Kriiss spectroscopic ap- 
paratus regularly employed, using a Bunsen burner, the following 
figures were obtained: 



Results Obtained with Spectroscope, Using a 


Bunsen Burner 


Mstal 


Amount necessary to give 
per 00.) 


Metal 


Amount necessary to gire 

spectrum. (Mg. 

per cc). 


Lithium 

Rubidium 

Caesium 

Potassium 


0.00002 
.03 
.01 
.005 


ill 


0.01 
.03 
.05 



SUMMABT 

1. Satisfactory results are obtained by the spectroscopic esti- 
mation of lithium according to the methods of Balhnann^ Bell*, 
or Foehr', when modified by applying them to the alkalies extracted 
with amyl alcohol by the Gooch method. 

t Zts. anal. Chem., 1875, 14: 297. 
« Amer. Chem. J., 1885, 7: 35. 
' Chem. Ztg., 1885, 9: 1013. 
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2. Contrary to the statement of Ranzoli', the quantitative 
spectroscopic method is not found preferable to the Gooch method 
for weighable amounts of lithiiun. 

3. Approximate spectroscopic determinations regularly made of 
quantities of lithiiun, potassium, barium, strontium and calciimi 
are very often of great service as a guide to the proper procedure 
in analyses. 

' Gaz. chim. itaJ., 1901, 31 (I): 40. 
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